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FOREWORD

This volume is the final report (9410:64-1R) on the "Analytical Study to
Extend the Capabilities of the Aerojet-General Ablation Digital Computer |
Program." The work was conducted for the National Aeronautics and Space
Administration's Manned Spacecraft Center under Contract{ NAS 9-2832, dated
May 1964. -

The work was conducted at the Aerojet-General Corporation Liquid Rocket
Operations in Sacramento, California, by the Advanced Technology Division, and
the Von Karman Center, Azusa, California, Computing Séiences Division. Primary
contributors were\D. K. Carlson, Program Manager; E. J. Hhrris, Programmer;

D. G. Miller, Consultanﬁ, and F. H. Miller, Project Engineer,
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; 2
ABSTRACT 2 ,77(/& e

A study was conducted under a contract to NASA (NAS 9-2832), to extend
the capabilities of the Aerojet-General Ablation Computer Program (Number 8039).
The 8039 computer program calculates temperature distribution, char depth and
dimensional ablation of ablative chambers for large rocket engines. The program
operates on a_forward fiﬁite difference, one dimensional solution to the thermal
diffussion equation,

The purpose of this study was to modify the computer program to permit !
performance of ablative heat transfer calculations in cylindrical coordinates ;
with an increased number and variety of boundary conditions.

This report contains the modified computer program mathematical theory,
definitidhrof the mathematical model for programing, operational procedures and
correlation of amlyses with experimental data. The new computer program is

written in Fortran IV and is acceptable to the IBM 7094 Digital Computer.
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I, INTRODUCTION

In many propulsion systems involving high energy combustion processes,
regeneratively-cooled and radiation-coéled combustion chambers have proven
inadequate. Chambers composed of a metal or plastic load bearing structure,
thermglly protected by an ablative liner; have proven satisfactory in these
cases. In minimizing the design thickness of the ablative.linerg correspondingly
the weight penalty, accurate prediction of liner thickness required to maintain
the temperature of the load bearing structure below a critical level is necessary.
To facilitate analytical predetermination of g}mgggiggg};ablatioq? ghar dep?h, and
temperature distributioniwéerojet developed a digital computer program (AGC/Sacto
Program 8039) to perform the computations,

Program 8039 utilizes the forward finite difference technique in a
numerical solution for a one dimensional mathematical model. Provisions for
boundary conditions in the computer program include convective and radiation heat
transfer at the inner surface and radiation to two sinks at the backwall
surface,b The convective boundary condition must be a constant but arbitrary
value throughout the computer solution. This constant boundary condition may be
applied in a step-wise nonperiodic manner (on-off) for pulsed firing type guty
cycles. This program was utilized in sizing the ablative liner for the Apolio
AJ10-137 and Transtage AJ10-138 engines. Analytical data correlated well with
measured results from engine static firings.

To advance the state-of-the-art in ablative heat transfer analyses, Aerojet

solicited and was awarded a study contract by NASA; Ref 1, to extend the

capabilities of the above computer program, Refinements to the program were to

include:

|

|

1. Solution of the thermal diffusion equation in cylindrical coordinates,
Page 1
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2. Provision for various arbitrary, time varying and temperature
varying convective thermal boundary conditions.

3. Inclusion of machine calculation of the internal heat transfer
coefficient by Bartz' equation, Ref 2, and allowance for the variation of the
coefficient as influenced by dimensional ablation.

II. MATHEMATICAL THEORY

A mathematical description of the thermal diffusion, pyrolisis and boundary
cgnditions involved in the revised computer program are discussed below:
A. THERMAL DIFFUSION
The thermal diffusion equation expressed in cylindrical coordinates

is as follows: (See Nomenclature)

T | 3Tt MT T |
= + = =+ E + =
¥R R ¥ RY ¥g* yg*r K

2T
N5, (l)

In essentially all cases involving rocket engines, axial symwmetry
exists and the longitudinal temperature gradient is small compared to the radial
gradient, Therefore, the third and fourth terms can be ignored, and the relation
for thermal diffusion through the ablatiﬁre liner (Equation 1) reduces to:

T
3RT

T X D6 . (2)

I 3T \ T
+—
R %R

General boundary conditions consistent with this relationship are:

- \Q 2T = net heat flux at inner surface, (3)
¥R ke,
T
- ('R 3R = net heat flux at outer surface; and (L)
ReasT
TL=°= )L(R)J initial temperature distribution (5)
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These general boundary conditions must be defined by the net of the conveciive
and radiative parameters with regard to the thermal environment.
B, PYROLISIS

As heat propagates through the ablative liner, a plane within
the virgin laminate can reach the temperature at which the resinous binder
depolymerizes. Depolymerization of the resins may be idealized by an isothermai,
endothermic process. Gases liberated in this process absorb heat from the
previously charred liner as they pass through into the boundary layer. Mixing
of this gas with the gas in the boundary layer reduces the recovery temperature,
thereby reducing the heat flux into the liner., Latent heat is absorbed at the
inner surface of the ablative liner when the surface temperature becomes high
enough to initiate melting and vaporization of the matrix. The computer program
does not evaluate the heat flux absdrbed in any of these processes. However,
it can be utilized to empirically determine %effective heat of char," H:, and
"effective heat of ablation," Ha., of ablative liner materials exposed to
various thermochemical environments. These values are then used to analytically
predetermine char depth, dimensional ablaticn and temperature distribution with
regard to the chamber liner for selected mission duiy cycles of engine operation,

Charring and dimensional ablation are treated as isothermal
processes; therefore, the ccrresponding inverfaces are discontinuities in the
thermal diffusion equa‘ion. The diffarence in the heat flux gradient on each
side of the char interface is absorbed as latent heat in propagating the interface

through the liner; as follows:

Page 3



Report No. 9410 64-1R

Similarly, the propagation of the dimensional ablating interface is a function of the
difference in heat flux gradient across the interface, Since the interface for
ablation occurs at the inner surface, the heat flux into the interface is

dependent upon the particular boundary conditions that exist. The expression

for ablation is then:

T 2 da.
Boundary Conditi k2| = 2 9o 7
(Boundary Condition) + R_ 3Rl HO\?Q_ S . (7
C. BOUNDARY CONDITIONS

In general, a variety of boundary conditions may exist at the inner
and outer surface of a combustion chamber liner. These involve convection or
radiation heat transfer at the surfaces, the magnitude being dependent ubon
the surface temperature. Arbitrary heat fluxes are also considered, such as
solar heat input which in reality is thermal radiation but since the sun is at such
high temperatures the influence of the surface temperature is negligible. Each
or a combination of these modes of‘heat transfer may constitute the boundary
conditions at either surface in the thermal analysis of the engine chamber and
nozzle,

The most significant mode of heat transfer at the inner boundary
of the chamber liner is convection heating by the combustion gases. Convective

heat flux at this boundary is expressed as follows:

§/n couy = hon (TR"TF). (8)

To allow for different time variations in the arbitrary heat flux, it has

been described in the form:
/ ) ' r he :
%/AARB = O: sin (b’-*'k 9)4' C,’-t-d e-!-fel-}—‘j e s (9)

where a', b', ¢!, d', f'; g'; h', and k' are arbitrary constants.
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Allowances were made for thermal radiation interchange between the inner surface

and two sinks (or sources) as follows:
z
4 —4
5/ hs = 0y €7 (T - T, (10)
&=
When charring in the first node or dimensional ablation is occurring, Tp is
equal to Tc or Ta’ respectively.
Similarly, at the external surface the boundary conditions for
convection; arbitrary heat flux, and radiation interchange between the external

surface and five sinks (or sources) are respectively:

3/A conv — hu (Téx - —‘—LAST>) (11)

4

3//; Are = o sin ( b+ \<"e)+ ¢ +d'o+ {”97'4- %Ile_k )e (12)

S
Yhnan= T ze@(w;:-m:). (13)
k=

The best available approximation for the convective heat transfer

coefficient in a rocket nozzle has been described by D. R, Bartz, Ref 2 as follows:

4

(k)

= AT (R 9V )Y

| R P
Dy (v Peef\ ox/ iR A<

gme

U

The bracketed terms in the expression account for the variation due to fluid
transport properties and inertial effects. For convenience, the transport
properties and fluid density are evaluated in terms of the stagnation and static

Lemperature; respectively., Variation in these properties across the boundary
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layers are corrected for by the G: factor. Bartz recommends corrections for
viscosity and fluid density as follows:
.z -8
/M.o Pw ,

evaluated at a reference temperature which is the arithmetic mean of the local

free stream and wall temperatures. This reference temperature does not account
for the high temperatures recovered in the boundary layer when the free stream
fluid velocity is very high, E.R.G. Eckert determined a reference temperature

relation empirically for aerodynamic heating, Ref 3 as follows:

T'=028Tw+022 Tk +0.50 T2 (16)
J

which is very close to the reference temperature recommended by Rubesin and
Johnson. Since the viscosity of gases increases and the density decreases with
an increase in temperature, the application of Eckert's reference temperature
would correspond to a reduced correction factor, °

In his paper, Bartz ignored the temperature effects upon specific
heat”and Prandtl number since their variation is small compared to the variation
of viscosity. However, in Bartz equation, the exponent associated with viscosity
is 0.2 and the effect is therefore of the same order as specific heat. Transport

properties of‘the combustion gases vary exponentially with temperature in the

following manner:

Ce ( T'>“ A =(T/>ﬁ B _ (I_BY an
CPO Te ) Mo —T; 3 P"‘O— -r;

where UC,{B and X are essentially constant dependent upon the gas composition.

The temperature correction factor of the transport properties is then:

_ —11/3 _r.' o< _rr ".(oY_ —r’ V) 8
=) (T)(T) = (%). 4o
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Fluid density varies inversely with the temperature; therefore, the density

correction factor is:

.8
Teo
G'L:(_,.,) (19)
Combining these factors gives a compressibility correction factor of:
) It \—. 8
G;:Q@:(T)<T (20)
T Teo ) .

The computer program has been written to include the computation of the Bartz
heat transfer coefficient and the compressibility correction based upon Eckert's
reference temperatures.
D. INFLUENCE OF PYROLISIS UPON BOUNDARY CONDITION

Due to hydrodynamic effects, the convective heat transfer in the
ablative chamber is generally most severe at the nozzle throat. Consequently,
charring and dimensional ablation are very severe. The increase in throat area
due to dimensional ablation will be reflected in a reduction of chamber
pressure, The mass flow rate from the propellant tank to the chamber can be

expressed as followss

w= K. |Pr R (21)

where Kp is a function of the propellant density and line geometry and considered
a constant. Assuming isentropic flow of combustion gases through the nozzle, the

mass flow is also (continuity) equal tos

= Ka B A (22)

Writing both of these equations in terms of conditions that exist before ablation

(subscript 1) and after ablation (subscript 2), the simultaneous solution for the
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reduced chamber pressure can be expressed as follows:

_ 2 4
Nt Pr ' (23)
/+1//+4(A;)(]§z)£r-/)‘ 23

The computer program has been written to continuously evaluate the chamber

R

pressure, in the above manner, as the throat area increases due to dimensional
ablation, This reduced chamber pressure is introduced into Bartz' equation to

make allowance for the corresponding reduction in the heat transfer coefficient.
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ITI. MATHEMATICAL MODEL

A. MODEL DESCRIPTION
Solution of the thermal diffusion equation in cylindricsl coordinates

(Equation 2) accomplished in this study is engendered in the forward finite
difference technique. The ablative liner is divided into cylindrical elements
(Figure 1) of equal thickness,AR, and unit length. At general locations,Nn-1,

N, and N+| within the liner interior, the temperatures of the respective elements
at a time © are Ta-1 ;, Th , and T+ , respectively. In accordance with the
forward finite difference technique, the temperature of element N at time 6+A8

can be described as follows:

T onne = A8 |;Tn-|,e —Tw,e 'rC\,e-'le,e] +Tn,é(2h)
! Cwn YV a—1 Va /
when charring is not occurring within the element. In the above expression, C .
is the thermal capacitance of the element, expressed as follows:
Con= Pon Cpomn T (Rar™ Ru™), (25)
To account for radial diffusion the thermal resistance from elements n-I to W
and from \ to N+l are best expressed by the respective logrithmic expressions:

e ), -

2TR w

| ( R n+l )
= =e b . : (26)
At either surface of the liner, Equation (2L) must be modified to account for the
boundary conditions. The respective expressions at the inner and outer surfaces

ares

_ A6 -Tz,,e"T;-,e ___—;.3_";'-0—!,9
Te ovas = QFL in = Tl 2‘5’“" (27)
3

T -TI-_AST
and —T:AS‘r,erAez IL..AS‘T-|16+AQ + Y:A ST-1 [ ARE ""B r&:x (28)
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The terms I, and Y:_x are the thermal resistances corresponding to the convective
heating at the inner and outer liner surfaces.

When charring is occurring within an element, the thermal properties
within the char are different than the virgin laminate. Therefore, the capacitance

of a charring node is:
C —_— 2 2 -
C"V\'e: T Q PC-<RC-/9 -Rnl°>+ WR.CPL..(RM',O—Qﬁ)(29)
)
and the thermmal resistance is:

hes e () A(SRE), @

Since charring is assumed to be an isothermal process, the temperature of the

charring element,-rz s is held constant. The char depth, measured from the nozzle

axis,R., at a time ©+4& © is then:

s - |[_ase To—T _ TemTonl (= \=
Rc,e—me TH, (?._—9;) o r ]-:(QLAJ _(31)

When charring occurs in the surface element, the boundary conditions are considered:

—R—c_,.e+AO = IAHe;(?'-'Pc) [T:zr;:\rg - —E—r::‘“ +%M3+Z‘“El+(zle\z (32)

During dimensional ablation, the thickness of the surface element

decreases; therefore, the capacitance of this element becomes (Figure 1): -

Cr ora0 = fwﬁcpc(RgJ‘—ﬁz)eﬂe ) (33)

and the thermal resistance of the elément decreases as follows:

- ' Re+
% ova0= g Ln (B2 (34)

Dimensional ablatiox; also is isothermal so the surface element temperature,"l';, ’

i

1s assumed constant. The radius to the ablating surface at a time &+4 6 is:

Revso | [Bi- B2+ (RY . o)

If, in the forward finite difference temperature statement (Equation 24)

Page 10
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the computing time step criteria:

Cn
e O (36)
Yo LA J

is not satisfied, the temperature T, at time © will have a negative influence on
the temperature of that element at time ©+A6, The negative influence condition
is not logical and results in calculated temperatures that tend to oscillate during
the transient solution. It is operational procedure in the present computer program
to continually satisfy the above stability criteria in computer autodetermination
of the computing time step. The smallest of the A8 for any element controls the
computing time étep.

B. PROBELEM AREAS

The computer program was written in accordance with the forward
finite difference solution modified to account for the effects associated with
charriné and dimensional ablation. Certain operational diﬁ'icﬁltics were‘ encoun-
tered in early computer runs or were anticipated, but all were resolved. Since
the corrections were made without sacrificing solution logic, the problems and
solutions will only be described in a cursory manner.

The original analytical model considered the thermal capacitance of
each element to be concentrated midway through the element. Early computer runs
utilizing this model demonstrated oscillation of the inner surface temperature
during transient heat-up when charring was occurring in the elements near the
surface. When the analytical model was modified to consider the capacitance con-
centrated at the inner interface of the element, satisfactory results were obtained.

During ablation; the surface element is held constant at the ablation
temperature; therefore, it is not necessary to subject the surface element to the
stability criterial. However, as the inner surfaceﬁg approaches the interface of

the next element, Re, , the thermal resistance to the next element approaches zero.

Page 11
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The computing time step will then approach zero; and under these circumstances the
ablation boundary could only approach the interface. To obviate this, the
approximation R= Re.y is provided when (T, -Try) = A . The value of A is set
at 1°R in the program, but may be modified as required.

During a coast period following ablation, it is necessary to calcu-
late the temperature transient of the surface element. Reduction of the element
thickness by ablation, diminishes both the thermal capacitance of the surface
element and the thermal resistance to the adjacent node. If considerable ablation
has occurred in the element, the computing time step during coast will be very
small resulting in excessive computer time per unit real time. To alleviate this
result, provision for inputting a minimum A © was made in the program. A test in
the program will analytically consolidate the surface element with the adjacent
element when the calculated computing time step becomes less than the minimum
An enthalpy balance is then automatically made to determine the effective temper-
ature of the consolidated element. Dimensional ablation and char depths are not
affected by this approximation.

Provisions are also made to input a maximum &A©to ensure that the
computing time step will be less than the period of a rapidly pulsed firing

cycle.

Page 12
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Iv. OPERATIONAL PROCEDURES

A, PROGRAM DESCRIPTION

This section outlines the general procedure followed by the program
in solving all problems. Appendix A contains detailed flow charts of the entire
program,

The program is written in Fortran IV and will operate on the
IBM 7094 witﬁ no operator intervention. The system's input unit is designated as
Fortran logicilr"S" the system's output unit is designated Fortran logical "6",
No other tapes are used, on line messages will be printed.

The program is composed of a main p;bgram and 7 subprograms. A
discussion of each of these components follows.

1, Main Prog;am: Deck Al

This deck controls the solution of all equations of the
thermal model, the remaining subprograms are called by this deck as required.
a, Basic Input
The program begins by reading a title card and all basic
input. If an error is detected in the basic input,; an error message is pfinted,
and the program will go on to the next case,
b, Model Geometry
From data read in as basic input, the model geometry
is defined. Each node is assigned an ID number. Nodes are numbered from the
interior to the exterior of the liner. A radius from the nozzle centerline to each
node is determined. The interface between different materials is determined at this
time. An index "ICHAR" is determined. ICHAR will always equal the ID number of the

node where the char/laminate interface occurs.
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Ce Period Definition
The next card from the system's input file will determine
the ensuing period. The program will accept, at this point, one of the following

input cards (see Section IV, Input).

( 1) WRPIREW
(2) "SOAK"
( 3) " PULSE®

(L) “END DUTY®
If1l, 2, or 3 abové; is present, the program will call
Subroutine "Input® and the required period will be defined. If an "END DUTY"
card is encountered, the program will proceed to the next case.
d. Time Step Calculation
A time step is next determined which will allow the
finite difference equations to remain stable. Various tests are made on the
magnitude of this value prior to proceeding with calculations.
e, Interior Surface Calculations
Each iteration will begin by determining conditions at
the liner interior surface. Figure II-1 outlines the procedure followed.

The net heat flux at node "F" is determined as:

T
F
WET = (Q -&g_lwﬁﬁ) A®
F+l

If this value is £ 0.0, the surfage node, if ablating
at time O, will cease ablating, In which event, a new value of A 6 must be

determined.
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If QNET is > 0.0, and node "F" was ablating at time 9,
the program will proceed to Statement 2300,
If neither of the above is true, the temperature of

node "F"* is calculated as:

- Jmr

Cr, 0

+ T

T F,©

F,6+ 40

If the char boundary lies at node "F" (ICHAR=F) the
program will proceed to Statement 2050,

If the surface node has reached the ablation temperature
(TP gr o g 2 T,), execution will continue at Statement 2200.

If none of the above conditions is satisfied, the
program will branch to Statement 3000. |

(1) Statement 2050 (Char-Calculations)

If the surface has not reached TC, F (char-
temperature for the surface material) the program will proceed to Statement 3000,
If the surface node was previously charring (TF,Q = TC) subroutine "CHAR" is
called and execution continues at Statement 3000, If neither of the above con-
ditions are satisfied, A © will be modified such that TF,Q* Ag*= TC,F"
Execution then continues at Statement 3000, '
V When subroutine "CHAR®™ is called; a new value is
determined for -ﬁc)9+69(char=-depth)o If this value should exceed Rp,,, A& will

be reduced such that R g,46= Ry, o Subroutine "CHAR" will set:

Tr-', o+a8 —r@; F

Page 15



Report No. 9410:64-1R

(2) Statement 2200 (Ablation Commencing)

A® will be reduced such that T.grae = To and
execution continue at Station 3000,

(3) Statement 2300 (Ablation in Progress)

The interier liner radius is determined for time &+A&
as (FEB—hAe)o If this value is < Kg,,, the program will contiue at Statement 2800,
If ablation has proceded past the boundary of node "F", A© will be reduced suc_h
that R _,,s = Re4i. The index "F* is increased by one. New values are computed
for the surface resistor and capacitor. The program proceeds to Statement 3010.

(4) Statement 2800

=

A new balue for Y. and C,f_. 5+n6aTe calculated,

P — F+l
The program continue at Statement 3000.

I:. Calculations At Liner Interior

' After determining the surface temperature (\& 6+206 )

and performing any required dimensional ablation or char-depth calculations, the
program will proceed to Statements 3000 or 3010. The temperature of all interior
nodes will now be determined. If the char/laminate interface is locgted beyond "F%,
it will also be considered at this time. Prior to solving for the temperature of
each node "INDEX" is set to correspond to the appropriate material number (1, 2--- 8).
This subscript is used to determine the material properties at each node. The
temperature of the zero capacitance node located at the liner exterior is calculated
at Statement 3350.

ge Advance Real Time

At this point in the program, the temperature of all

nodes of the model have been determined. Char-depth and dimensional ablation
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propagation have been accordingly determined, Real time is advanced byA & seconds
and new values are calculated for any resistors and capacitors which may have
changed during this time intervai.,
h, Test for Ablation
At Statement 4010, a test is made which will allow
dimensional ablation to proceed erm node "F* to node "F+1"., (See Section III-
Part B, Problem Areas,)
i. Heat Flux
Boundary conditions are considered beginning at
Statement 4020, A value is determined for the net heat flux into the liner at
its interior and exterior. Resistors are computed at this time which link the
liner to its environment.
This procedure outlined above is repeated until such
time as the period being investigated is terminated. The next period is defined,
and ?xecution resumes,

2. Subroutine Input: Deck A2

This subprogram defines fire and.soak period. Various logical
flags are set to be used by the main program in defining boundary conditions,
Any errors detected by "INPUT" will cause the main program to skip to the next
problem after writing an error message., Subroutine "INPUT" returns control to the
main program when encountering an "END FIRE" or "END SOAK" card.

3. Subroutine Capace: Deck Sl

This subroutine calculates the thermal capacitance for all

nodes of the liner. The equation solved is:

CL,@ = ZP‘. CP:. \/C
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The appropriate thermal properties are chosen depending upon the composition of
the node., All values determined are stored in the array ®CAP".

L. Subroutine Restan: Deck S2

This subroutine calculates all concuction resistors of the

nodal system. The general equation solved is:

Qn 28
r = —_—
L,6 27T k'.

The appropriate values for R and k are chosen depending upon the modal con-
figuration, If the node consists of two materials there will be two terns.

These values are stored in array "RES".

S. Subroutine Char: Deck S3
( This routine determines the propagation of the char/laminate
interface during the time interval A8 .
The heat required to raise the temperature of the charring
node to xc,j is considered by modifying the value of QNET. If the temperature
of node ICHAR at time O was less than Tc, 3? the value of QNET is reduced.

If during the interval 48 , sufficient energy is available

to propagate the interface beyond R the temperature of the charring node will

ICHAR+1’
be increased, or, if ICHAR = FIRST, will be reduced; in either event ﬁc

1 o
will be set equal to RICHAR+1
6. Subroutine Print: Deck SL

This routine is called by the main program to produce both
on and off line output. Normally an online message will be printed at the

start of each period,

7. Subroutine Block Data: Deck S5

Defines Hollerith constants used by Subroutine Print.
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8. Function Intplt: Deck S6

Performs straight line interpolations in tables defined by
the main program.
B. INPUT

Required input for all problems must include the following:

1. Basic Input
a. Title card
b, A description of the model
C. Material properties

d. Starting temperature profile

2. ﬁuty Cycile Definition
a. Fire period definitions
b. Soak period definitions
Co Input blocks
Sample input sheets are included with this report and should
be used in the preparation of all input. The following discussion describes their
use,
3. Basic Input
Basic input is described with two input sheets. Sheet 1 must
be completed tor all problem, Sheet 2 will normally be omitted.
a. Basic Input Sheet 1

(1) Card 1

(a) A "™ must be punched in Column 1.
(b) The remaining Columns 2-80 may contain

any title information and will head the output.
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(2) Card 2

(a) The liner may be composed of as many as
eight materials. This value (an integer) must be entered in Column 18.

(b) The liner may be divided into a maximum of
500 nodes. The number of nodes selected will normally be @ compromise between
desired accuracy and estimated marhine time. Enter this value in Columns 36-38

right justified.

(c) 1If the nozzle station being investigated is

at the throat, enter a "T" in Column 68, otherwise leave blank. l
(3) Ccard 3

(a) Enter the inside nozzle radius (inches) at
the station of interest.

(b) The initial char depth (measured from the
liner's interior surface) will normally be zero, If the roblem is a “restart" the
initial char depth should be entered. For some cases, the innermost material(s)
may not char, in which casé the initial char depth should be the distance to the
first "char-able" material. Enter this value (inches) as required or leave blank.

(¢) If the temperature profile through the
liner is uniform at start time, enter this value in degrees Rankine, If the
profile is not uniform, leave this value blank; in which case, Basic Input Sheet 2

must be completed.

(L) Card N

(a) Enter the ablation temperature of the interior
surface material (°R). If this is a nonablating material, enter any temperature

greater than the recovery temperature,
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(b) Enter the heat of ablation for the interior
surface material, (BTU/LB of char). If the surface is nonablating this value may
be omitted.

The liner may be composed of 1 to 8 materials, These materials are numbered 1, 2,
3 through 8 from the interior to the exterior of the nozzle. The remaining basic
input defines the geometry and thermal properties of these materials. The

appropriate columns of Basic Input Sheet 1 must be completed for as many materials

as input on Card 2.

(5) Card 5
(a) Enter the thickness (inches) of each material.
(6) Card 6

(a) Enter the specific heat (laminate value) for
each material ( BTU/LB-°R).
(1) Ccard 7
(a) Enter the specific heat (char value for each
material (BTU/LB-°R).
(8) Card 8

(a) Enter the thermal conductivity (laminate
value) for each material (BTU/IN-SEC-°R).
(9) Card 9
(a) Enter the thermal conductivity (char
value) for each material (BTU/IN-SEC-°R).
(10) card 10
(a) Enter the density (laminate value) for each

materialo(LB/IN3)°
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(11) Card 11
(a) #Enter thé density (char value) for each
material (LB/INB)o
(12) Card 12
(a) ##Enter the char temperature of each material
(°R).
(13) Card 13
(a) Enter the effective heat of char for each
material (BTU/LB).
Basic Input Sheet 2,
If the starting temperature profile is uniform, omit Sheet 2., if not uniform,
input a temperature for each node indicated on Card 2. The liner temperature on
Card 3 must be blank.

L. Duty Cycle Definition

A duty cycle is described by a series of fire and soak
periods. Each fire and/or soak period is described by the use of various input
blocks. Input data may be related to successive fire periods or successive soak

periods. An input block used to specify some conditions in a fire period will

¢continue in effect, for all future fire periods only, until modified,

An input block used to specify some conditions in a soak

period yill continue in effect for all future soak periods only, until modified.
a. Fire Peripd Description
Each fire period of the duty is described by the use of
two cards plus the necessary input blocks.

The first card of each fire period description (see

enclosed input form) must contain the following data.

#* This value must be less than the laminate density.

#*Successive materials must have char temperatures greater than or equal to the
material preceding it.
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(1) The word "FIRE" in Columns 1-k.

(2) The duration of the fire period (seconds).

The following items may be omitted and will be ignored

if not input.

(3) Print interval (seconds). If omitted the program
will print at the beginning and end of the period only,

(h)ﬁehin (seconds). If the machine computedA® is less
than this value, the problem will be terminated. (See Section IV "stability")

(S)Aem(seconds)o If the machine computed A6 is
greatér than this value; calculations will be performed using A6 o

The final card of each fire period description must
(contain the word END FIRE" in Columns 1-7.

Input blocks are to be included between these cards,
as necessary to describe the fire period. If no changes are necessary between this
fire period and the previous fire period description, only the “FIRE" and "END FIRE"
cards need be input.

b, Soak Period Description

Each soak period of the duty cycle is described by the

use of two cards plus the necessary input blocks.

The first card of each soak period description (see

enclosed input form) must contain the following data.
(1) The word "SOAK® in Columns 1-l.
(2) The duration of the soak period (seconds).
The following items may be omitted and will be ignored

if not input.
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(3) Print interval (seconds). If omitted the
program will print at the beginning and end of the period only.

(L) aO rn:,m(seconds). If the machine computed A® is
less than this value, the problem will be terminated.

(s)A 6 max(8econds). If the machine computed & O is
greater than this value, calculations will be performed using4$é9m‘x.

(6) *T-EXT. If the exterior temperature reaches this
input value (°R). The soak period will end,

If T-EXT is negative, the soak period will end
when the exterior temperature peaks, ie, Ty, .0 < Tq-

(7) #Steady State., If the temperature profile is
changing at a rate (°R/sec) less than this input value, the soak period will end.

(8) RESET. The temperature profile will be set to
this inpiit value (°R) at the end of the soak period before continuing with the
duty cycle.

The final card of each soak period description must
contain the workd "END SOAK" in Column 1-7.

Input blocks are to be included between these cards
as necessary to describe the soak period. If no changes are necessary between
this soak period and the previous soak period description, only the "SOAK" and
"END SOAK" Eards need be input.

#* If the soak period is terminate as described, the elapsed time in the duty

cycle is advanced to correspond with the end of the period as specified by the
duration,
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Input Blocks

Each input block begins with a caption, and ends with

a blank card. Data within each block must be ordered as shown or the respective

input sheets. Unless otherwise noted, any elements of an input block may be

omitted.

fire and soak periods,

fire periods only.

The following input blocks may be used in describing

Input Block 1 Arbitrary Heat Flux
Input Block 3 Radiation
Input Block L Exterior Convection

The following input blocks may be used in describing

Input Block 2 Interior Convection
Input Block S Bartz Equation

(1) Input Block 1 Arbitrary Heat Flux. (See enclosed
input sheets)

To use this option the following must be included.
(a) Caption card with the word "ARB-Q" In
Columns 1-5,

(b) Coefficient cards 1, 2 or both.

(c) A blank card following the last coefficient
card. |

The arbitrary heat flux equation is:

Q-arb (BIU/IN2-SEC) = a sin(b+K@H+cidG +f 62+gel® .
where e is the base of the natural log and g is
time referenced from the start of the duty cycle.
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To use an arbjtrary heat flux at the interior,
complete coefficient Card 1. To use an arbitrary heat flux at the exterior complete
coefficient Card 2, Omitted coefficient are set equal to zero.

(2) Input Block Interior Convection

This option allows convection at the interior
of the liner to be described by a constant or in tabular form. If Input Block 5,
BARTZ Equation, has been previously used, it will no longer be in effect.

To use this option, the following must be included:

(a) Caption card with the work "INTERIOR" in

Columns 1-8,

(b) Card 1 or Card 2

(¢) A blank card following the last input item

of this block.

Card 1 Recovery Temperature: Specify the required
constant recovery temperature on this card. A "1" must be punched in Column 1.
This card may be omitted if previously input. (°R)

Card 2 Convection Coefficient: Specify the
required constant recovery temperature on this card. A "2" must be punched in
Column 1. This card may be omitted if the previous convection coefficient is to
remain in effect. (BTU/IN2—SEC-°R)

To enter a time dependent convection coefficient
include the "2" card with the value left blank. Follow this card with a table of
h vs,. & . The final cai'd of the table must have a "1" in Column 1. © is

referenced from the start of the duty cycle (time = 0).
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Input Block 3 Radiation

The model accepts up to five radiation terms at

the liner exterior and two radiation terms at the interior. Exterior radiation

may be to time dependent sink temperatures.

To use this option, the following must be input:
(a) Caption card with the word "RADIAT" in
Columns 1-7,

(b) Term cards 1, 2-7 and/or tables,

(c) A blank card following the last input item of
this block.

To include interior radiation, Cards 1 and/or 2

must be input. Each card must contain the following:

(a) Emissivity
(b) Shape Factor
(¢c) Sink temperature

If a radiation term has previously been defined,

it will remain in effect until altered by the input of subsequent card describing

the same radiation term.

To include exterior radiation one or more of the

exterior radiation cards must be input. These cards are Numbers 3-7. Each card

input must contain the following:

(a) Emissivity
(b) Shape Factor

(¢) Sink temperature if constant
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To incorporate a time dependent sink temperature,
the following must be input. |

(a) Card 8 (8 puncl in Column 1)

(b) A table of sink temperature versus time.

Time is referred from the start of the duty cycle.
A sink temperature is considered to be time dependent if the radiation term card
contains a sink temperature of zero, (blank).

The sink tables may contain up to 50 entries.
The final entry must have a "1" in Column 1. This table must follow immediately
behind the "8" card,

A radiation term, once input, will remain in effect
until altered by the presence of a like radiation term card,

(4) Input Block L Exterior Convection

This option allows the liner to receive or lose
heat by convection at the exterior surface. The convection coefficient may be
constant, time dependent or temperature dependent. The ambient temperature at
the exterior is constant. |

To use this option, the following must be included.

(a) Caption card with the word “EXTERIOR" in

Columns 1-8,

(b) Cards 1, 2, 3, or L as required.

(c) ‘A blank card following the final input item

for this block.

Card 1 Ambient Temperature: This value is
constant (°R) and may be omitted if previously input. The input value remains

in effect until altered,
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Card 2, Constant Convection Coefficient: If the
convection coefficient (BTU/IN2~SEC-°R) is to remain constant during the period,
input its constant value, a "2" must be input in Column 1.

Card 3. Time dependent Convection Coefficient.

If the convection coefficient (BTU/IN2=SEC=°R) is to be time dependent include the
*3% card, followed by a table of h versus 6 .

Card Li. Temperature dependent Convection
Coefficient. If the convection coefficient (BTU/IN2-SEC-°R) is to be a function
of the exterior surface temperature, include the "L" card, followed by a table of

h versus T,

If Card 3 or L has been input, the appropriate
table mst be input. This table may contain up to 50 values. The final entry of
the table must contain a "1" in Column 1.

A convection coefficient once specified will

remain in effect until altered.,

(5) Input Block S5 BARTZ EQUATION

If this option is specified, the program will
compute the interior convection coefficient and gas recovery temperature, using the
following relationships. If Input Block 2 has been previously used, it will no

longer be in effect. 9
2 -8 A x \"
I - K Vot C‘P> (’Pc,e ?> Dy,e > < A 9) <P
= <
D\ ROl ) | Rew/\ Ao

. [-S+. U P73 (v-1m" = ro "
< |+ Y= e T T
T = M °

— -. 8
((, S+ R 2 (v=1) M+, s(1+ X! M") 22 >
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P. may be constant or calculated as:

P = ZF
©® 1+ [!-4- 4 (De,e)4< Fr >(l>_’"_ _[>]v—,_
‘D‘t —Pc,/l Pg_’l )
TR is calculated as:
Va3 v—I z

M and T, may be constant or tabular functions of
A/At. (A/At)e is determined by the program, where D, may be constant or a
tabular function of time.

C# is'determined as:

R,e T IDt:: 9
4w

C* =

To use this option, the following must be input.
(a) Caption card with the word "BARTZ" in
Columns 1-5.
(b) Two cards containing various parameters,
(¢) A blank card following the last input item
of this block,
Parameters. The caption card must always
be followed by two cards which contain the following parameters:
lst card k, }, Cpgass Prs Pos D5 7)
2nd card RMva{,PVﬂW%
To use this option at the throat, include

a third card containing the following information:
(a) Too
(b) Mach number
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The station of interest must have been specified
as the throat on the second card of Basic Input Sheet 1.

No other cards will be accepted as input.

If the station under investigation is not the
throat complete the remaining input list as required.

Card 1. Throat Diameter: If the throat
diameter is constant, enter this value (inches),‘ a "1" must be punched in Column 1.

If the throat is dimensionally ablating, includ the "1" card with the value

portion left blank; a table of Throat Di_ameter versus O mu;t be input following the
"1" card. O is referenced from the start of the duty cycle. Fifty entries may
be made in the table, the final entry of the table must contain a "1.," in Column 1.
The value(s), specified for the throat diameter,
will remain in effect, until modified or until Input Block 2 is used.
Card 2. Mach Number and fre§ stream temperature, If
the Mach number and/or T,, are constant enter their value(s) as indicated on
Input Block 5, Sheet 2. If either or both are variable, include CARD "2%, but
leave the appropriate entries, blank. If required, complete the table of A/At
versus and/or Teo . Only the variable parameter(s) need be included in the table.
This table may contain 50 entries the final entry must contain a "1" in Column 1.
' The value(s) of Teo and will remain in effect
until modified, or until Input Block 2 is specified?
“ The final card of each input case must contain the
word "END DUTY" in Columms 1-6.
One further option is available which allows the

engine to be pulsed with a minimum of input, A pulse is defined to be a FIRE

PERIOD followed by a SOAK PERIOD. The pulse option may be used when identical
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FIRE/SOAK combinations are to be repeated. To use this option include a caption
card with the word "PULSE" in Columns 1-5 immediately before the "FIRE" card of the

pulse. The pulse card must contain the number of pulses to be executed in

Columns 8-15, written with a decimal point. The FIRE period and soak period
following the pulse card, will be repeated the number of times so specified.
To avoid large quantities of output, the program will print only at intervals
as specified on the "FIRE® card.

C. OUTPUT

Output for all problems will begin with a listing of the basic
input. In addition, the program will list the radial increment to be used in
dividing the model into nodes. The ID number of nodes located at the irterface
between materials is printed, as the final line of the first output page.

The remaining printout will be under the control of various input
options. A printout will always occur at the beginning and end of the duty cycle.
Unless the "PULSE® option is specified, a printout will always occur at the start
and finish of each fire and soak period. The following information is contained

in all printouts.

1, Period Number

2, Remaining time in the period

3. Elapsed time since the duty cycle began

L. Char depth measured from the center line of the nozzle

5. Nozzle raéius at the interior

6. Elapsed time since the start of this period

Te Char depth measured from the original interior surface

8. Dimensional ablation measured from the original interior
surface
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9. Convection coefficient at the interior

10. Convection coefficient at the exterior

11. Gas recovéry temperature

12, Ambient temperature at the exterior

13. Convective heat flux at the interior

1. Convective heat flux at the exterior (+ if into the liner).

15. Radiatien heat flux at the interior (+ if into the liner),
16, Radiation heat flux at the exterior (+ if into the liner).
17. Arbitrary heat flux at the exterior (+ if into the liner).
18, Arbitrary heat flux at the exterior (+ if into the liner).
19.  ID number of node having minimum time step.

‘20. "~ A0 computed at this time point.

21. Temperature Profile (°R): Nodes are listed from interior

to exterior of liner. Only those nodes remaining are output.
At the conclusion of the duty cycle, the temperature profile when

the maximum exterior temperature was reached, will be output.
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v. CORRELATION AND DISCUSSION

A, CORREIATION OF TEST DATA

Correlation of monitored data, from full-scale and subscale engine
tests, with computed results was to have been accomplished utilizing the completed
ablation computer program. During the period when correlation calculations were
made, no complete sets of sull-scale test data were sufficiently reduced and
consolidated to serve as a proper basis for correlation. Nevertheless, one set
of full-scale data was made available and utilized for a correlation run. Tests
of ablative chamber Part No. 091850-1, S/N A-9 were conducted in the altitude

facility at AEDC, Tullahoma. The test duty cycle employed was as follows.

Fire (sec) Coast (sec)

16 2700

17 1800

7 1800

7 1800
51 Cooled to ambient temperature
135 Cooled to ambient temperature
317 Cooled to ambient temperature

Tests J37A~-05-05A and ~-O5B correspond to the 135-second and 317-second firing
cycles, respectively. The entire duty cycle was used in the computer analysis,
but only data from the above tests were available for comparison. Ablation
parameters and thermal properties of the chamber used in the analysis were the
same as had been used in analyses performed on Computer Program 8025.

Monitored temperature data and analytical results are shown in
Figure 2. These results, compared at an area of 2.6:1 in the diverging section,
show the computed peak backwall temperature to exceed the monitored peak by

130°F, Computed char depth was 0.93 in. compared to a measured average of 0,69 in,
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No dimensional ablation was indicated by the computer results or measured in the
test.,

Correlation of subscale data was accomplished repeating the test
duty cycle shown in Figure 2 of the Aercjet proposal (Ref. 3). The test duty

cycle was as shown below:

Firé (sec) Coast (sec)
5 1800
10 1800
. 11.5 3600
L13.5 Cool to ambient temperature

5 (Repeated 20 times) 30 (Repeated 19 times, cool to ambient
on the final coast.)

A comparison of monitored subscale and computer program calculated
backwall temperature transients is shown in Figure 3. The peak backwall
temperature as calculated is nearly L50°F higher than the monitored peak.
Calculated char depth was 1.80 in. compared to a 1.05 in. average measured
depth. Dimensional ablation was calculated to be 0.L45 in.; whereas, a
negligible amount was indicated in the test results.

Ablation parameters cf the liner material have not been well
defined; and values used with the modified computer program have not been
determined by correlation with test data., Since the logic of the present program
is different in many respects than that of Computer Program 8025, it is not to
be expected that ablation parameters which correlated with test data on the 8025
program will be consistent with those for the new program. Also, the calculated

ablation depth of 0.L5 in. reduces the liner thickness by that amount, and it
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follows that the backwall temperatures would be much higher. In order to
show the significance of the ablation parameters, the computer analysis for
the subscale test duty cycle was repeated with the recovery temperature reduced
arbitrarily by 25% to ensure that ablation would not occur. A reduétion would
realistically be expected as cooler gases liberated by charring mix with the
boundary layer. The heat of char was increased from 374 BTU/LB to 1000 BTU/LB,
also arbitrarily. Calculated results for this computer solution are also
shown in Figure 3. Calculated peak backwall temperature was again higher than
that monitored during the test, but in this case less than 120°F higher,
Char depth agreed closely; a calculated depth of 0.98 in. compared to the
measured depth of 1,05 in. These results are not meant to establish the
correlation, but rather to indicate that while the computer program math-
emaiically satisfies the necessary heat balances, the associated thermal
properties must be accurately known to achieve a good correlation.

B. LIMITATIONS OF THE PROGRAM AS ANALYTICAL TOOL

The correlation results listed above serve to point out some of the

limitations of the program. As is true of any computer program, the computational
results are only as good as the input used to obtain them. In a process as

complicated as that of ablation; it is mandatory that valid definition of the heat

transfer problem be given and that the thermal and ablation properties of the

materials concerned be accurately known. If this computer input is not

sufficiently well known then the computational results may be misleading.

Best results are obtained when ablation parameters are established

empirically from experimental or test data. Use of data from limited testing can

be correlated with computer analysis to establish "effective values" which are

compatible to the logic of the computer program. The computer program does not

account for mixing of the gases liberated by charring with the flowing gases in

the boundary layer which would reduce the recovery temperature. This is only one

example of complex effects that cannot be accounted for, and serves to point

out the necessity of compatible "effective" parameters for use in the program.
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VL CONCLUS IONS

Examination of heat balances "in® and "out® of model elements, using
results from computer runs indicate that the computer program complies to the
analyt'ical model. However, there was a variance in the results measured in
engine tests and computed by the ablation program. This does not mean the comput er
program is not satisfactory, but only that the "effective" ablation parameters
(Hey Hay Tcs Ta) were not properly selected to be compatible with the program
logic., A test program, limited in scope, made in conjuncﬁion with computer
program analyses will make it possible to evaluate compatible ®effective®™ ablation
parameters. Further study of the effects of gases liberated in charring upon the
recovery temperature should also be made. The logic of these effects might then
be incorporated in the computer program to further extend the capabilities of the

program much in an evolutionary manner. .
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NOMENCLATURE
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n
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He

P
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Description
Area
Throat Area
Thermal Capacitance
Specific Heat

Characteristic
Exhaust Velocity

Diameter
Configuration Factor
Acceleration of Gravity

Heat Transfer
Coefficient

Effective Heat of
Ablation

Effective Heat of Char

Coefficient of Bartz
Equation

Thermal Conductivity
Mach Number

Pressure

Prandtl Number
Summation of Modes of
Heat Transfer,
Interior

Heat

Heat Flux

Radius

Units
(in)?
(in)?
BTU/°F

BTU/1bOF

in/sec

in

in/(sec)2

BTU/in?sec®F

BTU/1b

BTU/1b

BTU/in sec®F

1b/in%

BTU

BTU

BTU/in®sec

in

Fortran
Symbol

CAP

cp
CSTAR

DIAM

386.4

QA
QC

c(9)

MACH

PC

c(4)
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Engineering
Symbol

Al

P

~
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Description

Distance from Centerline

to Internal Surface

Distance from Centerline

to Char Interface
Thermal Resistance
Temperature
Eckert Temperature
Volume

Weight Flow

Axial Distance Along
the Nozzle

Thermal Diffusivity

Cylindrical
Coordinate

Ratio of Specific
Heats

Incremental Distance
Thermal Emissivity

Exponent for Bartz
Compressibility Term

Time
Viscosity
Density

Stefan-Boltzmann
Constant

Compressibility
Correction Factor

Units

in

in

sec/BTU

°R
R

in3

1b/sec

in
inzseél

Radians

in

sec

1b sec/in2
1b/4in3

3.31 x 10715

BTU/in%sec RY4

Fortran
Symbol

RBAR "

RBARC

c(12)

c(10)

EPSILN

c(7)

- THETA

c(2)
RHO
SIGMA

SIG
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Nomenclature (Cont'd)

SUBSCRIPTS
Engineering
Symbol
(e N
awmm
Cc
ove
AR®

QU

ex

LA

IcHAR

Description Units

Ablation
Arithmetic Mean
Char Node
Average
Arbitrary Value
Curvature
External
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The appendixes of this report include:
A, PROGRAM LISTING
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IX-B - SAMPLE PROBLEMS

This section is included to demonstrate the use of the various options

available with the program. For each problem the following is included:

1. A brief description
2. Sample input sheets
3. Sample output

The times given in the parentheses are approximate running times,

SAMPLE PROBLEM 0. 1. —=1 MIN)

The liner is composed of ¥3" materials, The duty cycle consists of 1,
50 second fire period. Basic Input Sheet -- 1, and Input Blocks 1, 2, and 3 have
been used,

During the 50 second fire period, the liner interior will lose heat in an
amount equal to:

Q/A = -.285 a—.OSQ

This information has been input using Input Block 1, Arbitrary Heat Flux. The
gas recovery temperature has been specified as 4585.0°R. The interior convection
coefficient is to vary as a function of time, (note that the "2" card has been
included in Block 2, with the value portion left blank).

‘The liner radiates from its interior and exterior. Both sinks have been set
constant at 620,0°R.

Printouts have been requested at intervals of 10.0 seconds,
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SAMPLE PROBLEM NO. 2. (=1 MIN)

This problem is included to demonstrate the use of the restart option.

Note that Problem 1 ended with a char depth of .1060 inches measured from the
liner's interior surface. At the end of the fire period, the char/laminate boundary
was still moving through the liner interior, To contiune with the duty cycle,

the char depthat the end of the duty cycle is entered on Card 3 of Basic Ipput

Sheet 1. Basic Input Sheet 2 contains a listing of the node temperaturés at the
completion of the 50 second fire period; the liner temperature on Card 3 Basic

Input Sheet 1 has been left blank. The duty cycle for this problem consists of

1 soak period. T-ext °R has been set negative; the duty cycle will end when the
exterior temperature peaks or after 1000 seconds af soak (whichever occurs first).
Input Block 3 has again been used.

Printouts have been requeated at intervals of 100.0 seconds.

Outpud: for this preblem indicates that the exterior temperature reached a
peak value of 369.50 seconds into the soak period. At this point the soak period
was terminated and the elapsed time advanced to 1000.0 seconds to agree with the
duration of the period. The final printout will always indicat? the time when

the maximum exterior temperature was reached, in this case 369.33 seconds.
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SAMPLE PROBLEM NO, 3. (==3 MIN)

The duty cycle for this problem is as follows:

1. FIRE 90 seconds

2. SOAK until Texterior = SLO°R
3. FIRE L4OO seconds

L. SOAK to steady state

The following items should be noted on the input forms for this problem:

1. T-ext has been input as 5LO°R for the first soak period; however,

a duration of 1000 seconds has also been input. The soak period will end when the
exterior temperature reaches S5L0°R, or if 1000 seconds elapses,

2, At the conclusion of the first soak period, the liner temperature is
to be reset to 530°R. This value has been included in the “RESET® field of the
soak card, .

3. The minimum value of A® to be used during the first soak period may
be no less than .0l seconds.

L. The final soak period is to end when the liner reaches steady state
conditions (in this case daT - '00505;) The steady state field on the "SOAK" card
contains this value, Thed:inimum aiigwable A© is .05 seconds for this final soak.

5. Radiation losses during the final soak period of 2 exterior terms and
1 interior term. Exterior term "2" radiates to a time dependent sink temperature.
(Note that time is referenced to the start of the duty cycle).

Output for Sample Problem 3 indicates that Nodes 2 and 3 were consolidated

at the beginning of the second soak period. This procedure is expained in SectionIII

Program Techniques.

Page 59
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SAMPLE PROBLEM NO. L (Z=3 MIN)

In this problem the interior convection coefficient is to be determined by
the Bartz equation. Input Block 2, has been omitted from the fire period
description, and input Block 5 "Bartz Equation® used in its place. Because the
station of interest is the throat, only the first "BARTZ SHEET" is required. The
Mach number and free stream temperatures have been input as constants, The
program will determine the interior convection coefficient and the gas recaovery

temperature,
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SAMPLE PROBLEM NO. 5 (== 2 MIN)

Using the databobtained from sample Problem L. (throat diameter versus time)
the station of interest has now been selected at an area ratio of 10/1, For this
case "BARTZ SHEET 2" must be included. Mach number and free stream temperature have
been specified as functions of A/A%., A table of throat diameter versus time has
been input on Sheet 1; this date was obtained from sample Problem L. The interior

nozzle radius has been input on "Basic Input Sheet 1" as 13.09 INCHES.
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SAMPLE PROBLEM 6. (== 2 MIN)

This problem demonstrates the use of the "PULSE" option. The duty cycle
required for this problem is as follows:
Fire 1.0 seconds
repeat 100 times
Soak 2.0 seconds

Soak Until exterior temperature reaches
a maximum value.

A "PULSE" card has been placed infornt of the "FIRE" card. The number of pulses
(100.0) has been input in Columns 8 through 15. During pulsing, no online
messages are printed, and the print interval (as specified on the "FIRE" card)

is referred to the start of the pulse period,

Page 12,




. , 92T @¥3degs ¢ .

UL DL LI AL L L L L L A I
- o o . - 3 T T qamuN@Bm
RRPARRCEE RN THIel T Tl TTTe T[T T T 1 Tel 1 __+____ Tol | 4_ W T T T T[T LT T TigT1 oy T R xeyy-d |.

LN DL N N N N N NN I O T L L A N I TTT T T TTTI T T RTT vrT _:-do_
UL O L LI I T L A B e TTOR] T T eio-1 .
LN NI L O O O O e TTrTrrrrd __qﬂ:__4______.___-2*\&.h
v._____O_—_ LI I~ O O D P O O N~ I A It TTT T Ig T T T T Tigr 1 __M_ngdd. qqq.ln_mku.lqmn
. T TTTTT N O A O I
LR ______.___ R ! ______-_ 1L oNI/ET
P T T T T T T T I TT [T T T T g T T [ T T T T I T T [T T T T T 71 FTTT IgT TT T T T T i I1 __N_\n.o.o:_mur___usmmﬂ.
v | I N N I T I T N O D O O TTT T 1
I O O O O O N LR NLINLIN IO R I B I ___.:_4- J d-03S-N1/9
Tl TTIA TITIT T T I T T T T g TT T TTlel T TITTT @ [T T T T e T[T LT T IgrT o d.QQN. T _ﬁhrmmlw .
_ NERBRARERREEEA RN EREEEE L R I O UL DL UL O O DL L L L L L B m\w_ L g
] TT T T Ig1 T T 1t .]L«mlﬁmql
e T T LT T T o T T T I T T e T [ T I T T el T [T T T e T T L T T er T T o "o 0% sjeutwet-y |,
TTTTTTT LSS NLSL LI L0 L0 L Y IR R LINLIE S U L O R N 1P AN I N IO N O I B A Y O I N N
_ T T T TTTT T . He-ar/naa |
P T T T T T T T el T T [T T T T T T T T T T T T T T T T T T TTerT1 TTT T I T T[T T T Tlet T .MqQoﬂﬂ _.“d_:m%
- .
T TTIrT T T1 T1 TT1 T TV rErr LTy T T Y Trr e rrrgrrrrrrrryrrt
RARARRRN SRR AR AR AR _ e T
1T TT T Igr T T[T
T T e T T [TV I T eI T T [T T I T g T [T T T T e T T[T T T T T T[T T T T T T T TTe gqe T«ﬁ._aq..u.
RSN LA L0 SN O N I I e e e e _:_:.:...m.oﬁo_c_m
T T T e T TTTT T T T T [T T TT Tel T FT U T Tel T1 TTTTTe 11 _____o_.: TTTTTer v 1 __:Wmﬂ_q _m_mmc.xwﬁ_:a.
TTT1 I TP TT T T T T T T i i I T T T I Y T T T T T T T :_.____ T1 LSO N O U L0 L A LU B LB LI AL
w 4<Hm LV 2 TTVINd 9 TYALIVH ¢ Mz € TVIMALVH 2 TVIVALVW I TVIVALVH
rti TTTTTT i LR B B L AL L AL O T L L DL A L BNLUL R I B
m7oHa<uH S TV H LYR i
PEr vty T T T T T T T T T T T T T Yo T .m_meP _:_:_:—___:_::..__:._:.:__..ﬁ
LI BRI FETTT g L .__ t RN L) REEREALENARERRRAN
FTTTT T | oy VT T T TN __:mq:o_mo h.:..\aam. o___a_nm_mo uv_dwma QA:.Q@%.. o&:u«amasoa UOF1ETqVle
TT7 Y [HUrs Tl ok _
__Q...Qdm_nur_ __,_uowﬁs_.w_a_w _amuwo._ms_aw a_m:_u..n_,H TTTT Igr T] 19983k .:25 uT ¥ Py mza_ _e_s?c Sdybds 3pTEdT|,
— T 133C
a.:_d_:___ .»mm&rﬁ_w—.ﬂio_.nw_mww_mmn_num mw_w&vrwan _w_mofwk.«m_&w&:rz-m_v_ Eiet Jah dligb .3%52.
Y11 T TTTTTd _______,_fﬁq_fSW¢ J mgdw_ __ﬂ_dJ_.._.-_.A
_:]..::.__::____________1_:.___.___-_ﬂq_:.].:.__:_.:J:_:.____._
SUALOVYYHD 6L-QuVD ATLIL
N (% v o 2l Lol o L 4
SRISE RIS P A el 2 mn_c: SANE SN =S ENRE l, Q[ A ebabe] HR PR o
Q 40 _ q0vVd ‘WIOFTUN J0U ST SWIF qaBqs *SI3y30 TTe JTwo ‘i £Aq
38 3TTJoay sanjeaadwsy sy Jr pajerdwod aq snu 2 193ug (2 papadaad st Bury O9Yyg
‘sased [Te J0J pejarduwoo aq jsnw 389ys sTuL (1 Jt :U ut pasorous
T 399Yg ~=--= IAJINI on<m Bl1ep U313TJIMpURY pue
psjurad 11e youndLsy

Z§8mm NOILYTEV TVNOISHZAIQ NV ONINMVHO NOILYHOJHOD TYHANHD-1ELOYIY




YOI wOobdq -

_ T T TT TTT TTTTTT rP1r1r17rrrryrrrIrryrryrrrrryrryrvyrrrrrgrrrgrirygrerrrzy
IR ERAR R AR LILBLILI .mﬂohﬁhwsﬁ ay3 jo potaoad [eUTJ Sy} J33Je pJIed STy} apnyouy XINAand
LI T TTTT [ FT T TV TITT T T T T T T i i T T T Ty r T r i T i v rTr iy 11T 1 vIrTT
R H—. _AA ! ,_- IRRRRRN r _LOM%kdromwv foahwn ‘9ITJ ¥ JO Ppud 3y} 1k pJIed STY} 9pnioug ITAd
BRI R AR R RN R
LALLM TIITT T T T T T i T I [rvTrTd ﬁmm Mw
FTTPTI T T I T T I T T e v T T i T vy T v (T [T T Ty T T T I T T TTTd I LI B O ___:___ _%:du.mra_vwn_wm
T TT T T TT TV 1]
.___ FPTPT I TTTTITIITTIT I T Td axdmwm Wuhﬁ TITTTr T T T T T v Ty T T Ty rI T ror T ﬁj~ TTTTTTT vamo sIow pPpy
F'TTT I TTYTT T T T LI A LR I DL LI N PL L LA 0 L 1 i i U v
hii mer>_hmub.p:%Lﬂ_oa~vm:E o>wLm__ ~_. AR _ - ‘T uunio) urt
1 TTT T 111 LR R DL LA B B LA L = o = o o o v oo i i
TTT1 T ~mdvuao dmmwmku~mafw_wwwarbur__ trririrtel T T T 1T, win © 9Aey jsnm
_. _ i T _—1_ _ ﬂrhpuuﬂ_t—.H
PHETTTT rwvv &06.&?«% wﬁ WVon“wmw%%~ﬁ~ PEHr i T T r rrr T ! 37qe} sTY} joO
T TTTTTT TTTTTT T
RRARARRRRR"3?Nymaqnsnannp AL RN LA el B ESo Tl i A
FTTTTT T T T Ty T T T e T o T v v T T T T VT TV i T T T T T T TT Ty T T TIT YT T T I T T T VY T VT 1]
: Yo 29s-_ur/nid |swty,
TTT1 T LI T = I T I O O O T T
__:__::_:___::_.ﬁa_ﬂ“_o_mr_____:__ 1 TTTTTT] T ..\«E&wisfﬂl#
T T 117
cf w:HM>_*cwau~uwooo :orwoowL 5! :mcu RN ddmw_%owu gw\ H%J co-' T Zg. ' T 3do 313 dob ok {55 uob [2}k
::_:_:_______________ 0 A A VOO0 NST T T T TR T Il ] kedah8o5h {1 %
LINLNE I L T O I B O B O
PTTTTTT T TT T T T T T T T TV T LTI U T Job Adoh Tab¥dabdy’ T BT doblg hdda} WLI T T T T T T 77 77T 77T Ty doTdainTPk
LA LA TR L L S T T A T A L A B A AL A A v O
TTTTV T
L L T L O T L L L DL O IR B LN O L 1;J\ﬂ4m0ﬂhmaxm wk
RBLELSR LR LN DLALE L B NLU A LU ARLUN A LI N L O B O ﬂa_-__deommhmiqwm N
TTTTTTTITITTI TR T T T VITrd __m__ TT TTTT I TTIT ITT T IT T I T T __ TTITTT __ TTTrTT11 v_‘dq TT TV T T
q 3 P o
BEEERRRRER _.hwdm me\ﬁ_ T CII-T rrwhqwmor~»¢m~wwap¢__ ;_&o@¢m~m1mmm I O A _ TTTI 7 F T T T irvid oy
~..__ ._o_+_Aﬁuﬂ_w.a_v.._am_mr&r__ﬂ___.-ﬁ__q_._-dd______~______._q.__~_~___._d_._._~ TTT11
LUNLANL L UL LD T T O L L T L U A o
T TTTT11 TTTT TT V7 T T Y T T1 T Wt [T T
_«s :.n o_a .«_ms_.“ cowv_s_:v««_ .v_.q._a_w:ssﬁon_uq__ LRI ____;_o_ :;_Qo_ _Qc_vu.Mq _ __Q._ _mu.m*
T T
CETTTTES Habd BR TG TRELT DI, S o R T VT A TS SV LR N S SUN S
T TV TTTT T T T VT TTT T T TTd TTTT 11T TTTTTT TTTTTITTT T T TT T AR v 11 :
] I __, I TT 17T TTT1 1 TTTIT T 11 .cd .u_mr_ﬂo_nfvm
R R R R ) 7<Ia| XX e S H-h N
3 28 BRI R e B e e e R B R R R R B R PR P E
mv 40 7 #ovd *sIayjo TTe JTwo ‘i £q

pepadaad ST SUTIT ayj
£(Jut pssoyous

NOILJI¥OSEQ dOIYAd TUIL

AYED0¥d NOILYIEY TYNOISKEHIA NV ONIN¥VHO NOILYECdY00 TYHARED-LILOYTV

®jep U3d}jTamMpuey pue
pajutad Tre ydsundAasy



LeT-33eq

IR " PUp ousﬂorﬁﬂ.mﬁohm_»wsu 543 go poraad yeos Mo’ duty [dury ou3 ST STl 3T | Azndaxd
_._.-_ ARERE ~ﬁ_ PTTTTTT #vOnw‘ #mow_ _FLM_LUOHQ a:&:m‘mMLam me_mﬁ_Mdrm wm Wh%o_mwzwﬂmMMﬂorm ~L<wmafm

T1
EERERENEE LR RN %mea whﬂw F_mow~morm&,wme. aamﬁw_wcw_mﬂ4Mac WM‘TWLU_Wm:w_oVr“o:H mmwbofw o¢|
T T T T T T T T T I T T [T I el T T T [T T T T T T T T T Tl T T T T T T ol T T IRRRSEERE RN A

FTTT T T T T T T T N T T T T T T [V T e VT T [T T Tl T T T T T T 1T T 1T TT T T T T TT7

*saaniesgadualy

T T T TTT 1777

FrTriririTrTTyTTd

Sutfaea sur)

LBLLE L L INLL U U L O L P O O

- SN B RE NS N RS R = I T e e
T 1 } [

] . ___oﬂ_L T TT Tel FTTel F T ol dn Umhﬂsvmh_mﬂ

PV T T T T T T T T T T F T T T T T T Tel TV Y thTel T T I T el F 1T Tl TTTFETTT
I1e _JX0I SanyTea :

JTTTTTTTTTTT

TP TP TTTIrTrrd
Spaed aJgouw ppy

JOTJI93Xd TI® JI

(] ._
— wvawkvv dWI} 8q 031 aJe wmhﬁthoQEov JNUTS &oahovkm

FETT PP T T T T T T Tel T 11 I Tel T 11 Flhlel[ 1 1 I Tl TTT T TTgr T T TTTT1 T} S R R S T Y A |
MMHFLMW Jojug Ve ® I'1le ¢ *[ uunion uft
PTTTT T I T IT T T TTT T T T T el T T T [T T eI T T T [T T el T T T [ T T Tg T T T [ T T Tl T T T T 11 LR & BT
VI TTTTTTI YT I T T AT n T Tet T 10 1 Tel 11 I T el TT T T T T T T T T T T g T T T T T T 7T T T T I Iy
_“ Spes sseuy 3pmo * P 1 * e * 37qe3 sT43 3O
BREEERERRERREREEERE REBOEE! TTeT T TT T VT T T T 711 I L 2 L [ S 6 s s e ot i
‘g w IARAREN ] T{TTIsTTTd . of | . T M T R
T AR AR ERA T Y T TT T Tl IR 0 U LI T R O I L U U N R L I B B
xcaw p:mvmaoo_ o m x: S _&o m rcﬂw Yo £ MUIS mwum AUTS ¥o 1 xcmw (°298) oury,
R EREEREEEN LN 00 0 N T I O
031 ST uotTjleipea
FTTTVTTTIT T I AT TTITTT0]d TTT IIT T I [T T T T T T T T T T TTT T T T TIT 7T

Jed styy apniouylg

FTTTTTTTITT I Y T Y Iy

FTTT ___ LUNR IR T T O O I

TTTTTTTT

JRREAN
T

LI

~——

«T»&% m?LSJmWFH| kﬁ

LIS IR O N O O O I Y e N 0 U L S Y B L B mq&&oa umm&mmxm ]
T T T T T T T T T e T T [T T T | T T TRl [ T T T T T T T T r T T e [T T T T 3 uxsg xov159%%| g
LIS SN T L O L L R M _:__M.sawm_.uoﬁwaxmm
TTTTTITTT T AT I T I T T T T T T T T T T T T T T T T T T T T 7el TTITT T I T{TTIT TV el ___:_m.&kwa..ﬁ_:.pmwx d
b0 Taqus ru_o___ T eI [T T T I T [T T e[ T T T T T T T [ TT 7T [ACE RN FESEBERENE P
NER w“_ow_uwmuawha___ IR el T T T T T T T T [T T T e [ TT I T TV T T [ TT T T iV el [TTTTT ¢ wisy I10Tabjur|z
TTTT W#_wWLQVML&?Mv___ ] “Nﬁoﬁumﬁu FTTTTTTITTd __:o_ RENERER _,_~_ TRl T TTT1Y __Ehwh Awﬁhmacm H&q
TTTT T T I I I I IIrTd LT TP T TTTrTITTYT TTT 171 TTTTT T11 1 T TTT1T (] T 7T
T w__ T Wwﬂw_ﬂﬂw_wuqﬂ_ _~.WMWJ0W_A:MM T ”__ ”moWWmh_wﬂmwm ”“_ ”_ _qu _WJﬂWﬂmwMET__ “_ _“ _HH T _.L‘—q Tl

| | LV Iavy
i _:_::j::__::__:__:_____:j:_:_:_._:___::_:::::_1___.,:

gk B B B B S e e PR B B el B e o 4

|
NN N ALL99W9999WLTUsQQQQQEQvab 1N
_MMSEQWWWTTOSSdOQVS - roho Nioilh o o Ficlojel~dcba s kalto =
.U 40

MM qoVd
‘potasd Xeos _Jo/pue
2JTJ ® 2qTJIOS8p 09 kuazmmu S® 30079 STY3 apuTour

NOILVIGVYH - € 30074 ININI

WVEDQYd NOILVTIEVY TVNOISH m.Hﬂ (NY ONI¥HYEC NOILV¥Od&0D TVHANEL-I% LONEY

*sas9yl0 T1e jTwo ‘x £q
bmnoomum ST BUIl syl

£ [ Jur pusotous
mumv Us31TJMLURY pUB
pujutad {re youndLay




geT aded

:____:____:_.:___:_:::___ :~qﬁ:_ﬂﬂ_:_:::q:ﬁj_ﬂ_:ﬂ:-q:: T T T
979X2 A3np ay3 jo poraad Hm:am Y73 JI33J pJed STi[} opnyioujg ALNAANAT
_:_:_:::_::_:__.:_]:: A_H___a:::]_ N e i e e e i rT T 1T
' : *uotridraosap potasd Neos ¥ Jo pus ayy v Uamu ST oV:AU:H MVOSANT
TTTTTITT1 ___.:____:ﬂ__qq}_lﬂ_},__ |5 A L T e e T i e 0 o B 17T
:__:~__:___ﬁ_dJ__:_M_ﬂ_q_ﬁ__Mﬂﬂﬂﬁﬁ—_._aqd_:.!jl‘lﬂ‘ﬂlﬁ (1 T T I O O I O O e ) O
:___:_:j__:_:_::ﬂ]_:___:__ﬂj-ﬁ:_::_:3.4‘3-.ﬁj:,,j:.,.wjj_l_lqlﬂﬂﬁ]qjl
JLUNE NN Y T e 1 e e T e e 0 e e A
:__j__ﬂﬁ____:_ﬂ_q_:_~ﬁ~____:—___ﬂ_:___n_‘-‘ﬁ44._q_ﬂ____ﬂqﬁﬁ:.‘___ﬂ:lﬁq__:I_J]Jl
N TN T L T A T L T 1 T A 0 e e e e e e o
_"_“__,_____________d4~q_,_ﬂﬂ__m_ﬂg_qﬂ_w______ﬂ~_m_,fﬂﬁﬁﬁﬁﬁﬁaﬁef7__Tqﬁﬁ_ﬁﬁﬁﬂiﬂﬂ
U L 1 I Tt O et o L B L B I q-‘:‘ﬁ_»:
- ~ — — — - —— - o . JOT.Ia 1V
EEEREREE R R N N N R R R Tt +‘
SR . - hand - il o o .oa~ou:~ wvh
i .::4: __:w_: _T.wd: ,:1:@: ::.m_44| T jw; ‘].-ﬂ;m.f.,j;_e,JJHJJJ.. TrOTUVHTT
0 A O A O LU 0 O 8 O 9y 5 e o ruowm L% L O B O B A O B mewmw
L L NL T T ol 0 e i e S B R SR SRR B, S
PTTTTTT UL T I O e 0 o
. o _ _ UOa rod yeos sy
PP T T T T I T Iy I T T I v T T od Ty LA N T L T 0 e o e e T e e s O
JO pud 3yl 31e anjiea p:& STY3 03 1319S 3aq I1Im oﬁﬂwopm ousumthEmp Ayg a%BEthv
___ﬁuﬁ_wﬂ,“a_ﬂ____aﬂﬂﬁﬂ___Am_ﬁﬁ_,_ﬂ___qﬂﬂ.ﬂq___~ﬂ44;__ﬁJAJiﬁJJJJ,ﬁJJJﬂ_a€4wiﬁ11
*syead osanjrevasdwaj
__:qj_.__.._MZﬂ:d_ﬂﬁ__ﬁ:_ﬁﬂ_wﬂﬁﬁﬂq__a:d L L L T T T T B B N |
 JOTJI83Xd 34yl uUayMm pua TIIM POT.I M<Ow 3y} ‘aarredou st (Mo IXJ-J) JI
AL L T T e T A e e o e e el R o S S ST S SR
o .osﬂﬂ> indutr sTYy uwyl ssIf wwﬂk e
FTTT T P A Iy T T T T v ::.i#]:::::::_::_:_::_::.___:4___::_111
L ae w:%:i&lﬂ% Sadanie. w%?ﬁ IBpou oy3 [je MH pus TITm porJad ¥VNS 24y  (WLIV.IS AQVALS)
[Ty T e T i eT T TrTTd MIJIJ:..-.“____A?_: L T T L T T e T e I A e
T T TT1 N TITVTTT TV YT, :
Fr “ __csmrﬁ d;w mobomwwﬂrﬁﬁ u_y J0 ma_,‘,ﬂﬁ.ﬁw ,w__::: @o_ﬂ _Q_V.TOU ﬁﬂq_ Tmodwv._ ,S_qﬂqq_ﬂf_;.l
:___T:H:mﬂ_s_s:j___::_.,:ﬂﬁaﬂj UL I T T T A A e e St R e I
TTTT I TTi7TTT1 mqi.;ﬂ.,gf.,_4,.,_._-;.@_ TTT _eﬂﬁg_.zz AJJJM:« R B 1 15170 Dt I (0 I 3 Y o i i
Jlﬂiri.&j:pfagf s,msaii,?,. | L i Tor! 02 A0S
T _4 [ fo 4ok Yag o T VT T _4:_,1.. T L I T 0 L D D O 0 R D B A 1 B
uMVOS, P.IoM auy SS9 ‘.D,karcw d, IX9-1 .V1EO .cﬁiﬁuq (“238) jurnyf (°2°aS) uorjeun(
L A A O O o 0 S By s R o B o o e o 0 0 e S S S B R SR

Lut
Qa

%Q

(34t pasoroua

NOILJIEOSAC QOI¥Ed YOS FLEE Lon) TIapuey pu
omtad TTe youndLoy

LI AL U TR T T mign T e i
AYLO0¥d NQILYTET nOIaneT




AP L S & B

IREREESEEERRRRE;

—_vwmo_muwv musﬁorﬁq.vﬂohw quwnﬂqMo_WOﬁwwm zMOM;LF_LMww m%:~m w:wdww4wmmw Wm qurmMWw
R T i oy R R R A R N N AR R A R R N R AN e N
T
ARRRRRRRRRRRRARARRRRL: CRTRRS RN A R R SRR RN AR AR TR AR AR AT AN ISR
TT T T T T T T T T T T T T T T T[T Tl T T T T T T T T T T [T T Tl 71 AR I 1 A T O NN N B
U L O O I JR L JRL L LI L ) L T L U L A L L L I B O I
*saanjegadual
T Tr T vy P T T T T T T el T T T T T Tel TT T [T T Tl VT T [T T T T T T [T Vil T T T T T VT T T T T i T T T T Vol
JOTIRIXD *0S 0%
PP T T T T T g T T T [ T T Tel TT T [TV T VI T J T T T T T T [TV il VI Ty T T T VT T T [T T T T T i T
mcahha> auwt] - dn paainbaa se
FTTTTUT VAT T T T T T T TN T VT T T [T T Hel T 1T [T T el T T T [T T e VT T [ T T gl VI T i T T T T T T J i T YT T T T VT
T1Ee J0] SanjyeaA SpJaed 3Jqou ppy
TTTT i AT VA P TR T T I T T T T T Tl T T T RV T Tl T U T [T T Tel T T T [ TV Rl T T T T T I v TP [ T T T 7 [ § LI LT
q\_w qﬂbﬁﬂaﬁﬂﬂﬁﬂ *I uunjo) ur
] I i i S A S50 WS 0 D S R S
BRI TTHHI] TTTTTT TTel TTT T T Tl TT Ty T T Tl T T T} T T T g T T V[T VT T T T 7T _:_:_;:mgmépm:s
TP TTT T T VT T T I T T T P T Tal TV T 0 TeT T T T T Tl T T T [ T T T T T T T T et T T T [ VT T T T T T [T T I17
*SpJed 3sayl jIwo : 31qel STyl jJo
TTTT T T T T T T YT T T T TT (T T Vel T T T [T T ST T T T [T T Tl VT T [T T Tel [ T T[T T el T T T[T TTTTT]
‘saanjeaadway JI1Ud [eULJ JY],
PT Ty T T T T T T T T T T T Ty ST =T T _______ T TTT T T 1] TTT ] TT I T TTTTIT77
#E_m ESmcou_ Ho & NUTS 'Wo § JUTS He '€ NUTS o 'z AUIS  Ho T SutS Mowmu ws«a_
TPrrTTd _________de___.ﬁ_____ﬂﬂq___________ﬁ___ﬂ__q____—ddﬁﬂAA__._~___1,q~4_.-ﬁ
01 ST uorjlerped
::]__:_.:j___.:_:_w % _:__]_:;:_ _]:;ﬂﬂ_:_nd ﬁ TT TT 17711
JOTJIIIXd TI® JI pua 0@ duTI} °8q aJge sadanjegadws)l MUrsS JOTIIYXS Aue L STY3 3pniour|y
TT T T T T :
7T R RN RN RN ._::__:_._:::_.:_._,w&_,\?qlr_l*
T TP T T T T iIT T T I T T T T T I T I I P T T T T T T T T T TT e TTTT T TV T i T T T T T el YT T T T T I T T VI T T T 171
C WwIdJ], JOTI3IIXH] 4
PP YT T T T T T T T T T T T T T[T T T T T [T T T TR I [ TP T T T eI [T T T T Y VT T T T I T I T Tel VT T T T T T T T T T T T]
. WISy J0TI3IXF| g
TTT T1
LI JTTHTTTrTTTT T T T T VP T [T T T T I T T I T LT e [T T T T T T TV [T T T T 1T Tel ::__n.ewwwwm?wu_x_mm
1 | LR 1 .
FTITTTITT TV T E T T T T I T A T T I e T T T F T T T I T T T T T I TR T T T T T T __::_o_J__T__N«._.«nwwm%ﬂfwﬂxwd“
TTTTTITTVIT - . t —\
ﬂ:._%n_v._w@__u%mo o_____ TRpE I [TT T T T T T (T T ge [ TT T T T T T[T T T v iger ___._m:__r.o,mwipf.xmnf.
FTrnt ] T ‘
i onopuwwcpcﬁ_:_ PiTel TT TP P TT R VT T T el PTTTT T T T T T iiaT el :____N«s.aw,mrwmhwu_cmm
TTTYTT T I I TV rT 771 ;
ST owsp_ﬁwmsoa_ PITT T lgleplef g fTTTTTTT ____j_._ ARRREERE URRRE O IR R o8
_____::_:_:__ﬂ:___: [T TTTT T VI T T IT 71 TTT T VY I T T T T Ty T T Ty v i vy irrrryT
TTTT 01T _%.:_w_ hmcw.u_ﬂ Yo dudp uts J030ey ommzm r »ﬁrmwgm !

LR LI L L L L L L O LB O 6 L O A mcu<_Hﬁ:¢Jmuw

T

I O O OO
| S — N—

AR I N A SRR R T 1T

MMLELW ~INRNC R Sl koo [k kata fn [olanon b ool b fiahisgs i b kot B balofakaka b o polpoliciroledlicko po o= it = Aokl
C RPN Il IOROO N NG TO\%HQGquTO68 e o o o S e e e Y B S N R S e S e e ey e e N N
Mw 40 m. qoVd *Sdaylo I1e 2TWo ‘2 £q
*potuaad xeos _Jo/pue popadsad ST SuUIl syy
SJTJ ® 3QTJOSsp 03 pagrnbad se YO0[q STY3 epnyouy 4T ¢ [Jurt pesorous
NOILVIGYY = € ¥D0T4 INdNI BJBL U833 TJIMLURY] pUR

sautad » youndL£s
WVEDQYd NOILYIGY A.:CHQ:WAH. Qb 7 ONI¥UVED NOIIVEOdEDS TYWHINED=L17POusY peat L= Houm A




OtT aseq

4____:__:__:.__:_:_:_::_::_::_ﬂﬂj:d::ﬂﬁﬂ_j-ﬂ,iﬂq_ﬂ4:_:_ T T T
o040 A3 inp ayy jo potraad TBUT) 98yl JI33JE pawd Sryy opniouyg ALNAANEA
RN e %qjljqu-:j:_:_:::jJ,jJJ_::__ ﬁJjJJ%‘
. ’ ‘uotr3dradosap potadd jeos B JO pud 8yl 1e panwd STY} Ipn[oufg MVOSUNH 1
::4:_:___:___::jlﬁ%,].:::“:_:4:4:q]__:Ja]ﬁ%;J.ﬁ:sﬂjJ:J#._} T T T

AL L I e e it e R
LN T e e e e o e e e e e bt e
LI L 0 O L O O A 0 T O A R
UL T O O O o O G O R T 0 T e e e B e e B o
0 I T e e e e o o
_ﬂ_______________::f-‘:_]:_j:._::_____

-~

-
-

TT P T VT 17 T i U i T T Iy iy rryryyri—
T T T T 7T 7P T Ty v T 11 yrvryryy v

—
—
i

—

[ I L L L O A A ey SO B AL S
Hﬂ -y b - - — o Aorta4x0 1y F
L L O R A O S S B e RN I TITTf T oo

a - e . - o - e ,_oahof: v h
_..._f;_ _:.w:_ _j:w:* 4:_ﬂ_ ] ﬂq:ﬂqﬁﬂ 1 ﬂﬁx dﬁ_.n~M.w.,.}..s.:i],._#.‘i; | B
BERERER T TTTTT e e —
T NN T T O r_mm wﬂ%-ﬂlﬁhrwaamh T 430 fmwywzw MmN jwvummm.ﬂ:
LA A O O __ﬁﬁﬁj___:._:J_(,]J;q“_..:44,_‘-3444(441_ﬂ.;_ijJJ!

::::_________._:.________::______:___::fj__._I..ﬁ._:.:w,:44,1%73-]-11],-‘
*por.aad yeos oy

PT T T T T T I T v T T Ty T T T i T T T T T T FT T T TTT _ | LA T L T T T e e O R T e o e i

JO Pud ayy e enyea ndutr SIY} 01 189S aq [IIm mHH ad ouanijvasduway ,:? (LIASHA)

U T T e B o _Jaﬂﬂiﬂ (00 0 A L R A 0 T B i B e o o

.wxdom JaNn}eaoquon
FTITTT T T T T T T I T T T T T i Ty T T

L A U 1 1 A TSt St A St e
J0TI331X3 3yl uaym @co AH M UOAhww ¢
VT

- AVOS 3y3 ‘o, Smwo: ST rmo Xd-1) 2
TP Ty Ty T Ty Ty yryT FTrrryTTrrrrgTT T TTYTTUTT AR T T T O T D O O
contea ndut w:w cmzw SS3] 291vJ ®
—ﬂ_aﬂ.«wdﬂ_____ﬁ_._m__mﬂ*_Jl_,ﬂA__._jﬂm__Nu TTTTTITTITT TV ITT _ﬁajt“vﬁﬂjigﬁlﬁl_l
S AQVALS

um w:aw:t:o sJe saanieJadio} [epou syi [jE JT pud [TTa potuod wvns oyl
BREERREEERE _u_.JﬁjA,l_.j_j_:j: I A R O O O A A FTTTOCT 0 8 ¢ 7

1l NJ.‘ P MG_Z—HGH.)— .W.L.;W _W_OH_&U“G_W,* nO,rHﬂﬂo WOT: e _UIP#. HQQ#Q QFP ,H.n_ % _W.mﬁg U.Otﬂ!;(ﬁmv}\k.fO:Ui_[O‘ml _:«[w.e.N./*o_ .«“;un«nhv T

LN 1 T LU e T o ﬁﬂﬂ_qdﬂﬁ_Ja_.}:Jjﬁlz:ﬂ.ﬁu_m:”.iﬁ._l_-_
‘. - T suunyo . A
T T uﬂJ:_ T ,..,_a.;sﬂ-w..h:, e o mﬂ_ FTTigreT R

T EORET [ Rh e

ﬁpcm--&w}wcé S . R
:%:J ...%}E TTYyT0TT T I T T ::4:.,.:_:_]: L
..ﬁom: p.Iom oyy mﬁ-a arn .%. FE m.@ IXG-1 ‘X 0V U Oy A omn; 1UTI (*995) uoTjedn(
::::::::_iwm BN B T e s e o o e R

EEERES &L,“wwwm SHEH

LR T m, L

e e e v a4

A L.

e o R ST w Iwﬂmf!« m\fr?.i.(?:w\

& @ 4ovd . *cInGq0 TTe pTuwo ‘i £q
- x.{ococl SLOBULT TyYg
JU ¢ [CJut pasorous

TP

ROTLdI¥OS3U QOT¥Ed MVCS FLBE U TIAPURY pUR
psutad TrE goundfay

TR W VT
O R NCEERN RES L O R,

WYY EOO¥d NOLLYTEY TeNCiSomTd GLY ONIHEYED NCILVECEY




€1 omam

0¢ Y3IGWNN 300N 3IDVIY3INI
€0 3000L°¢ G3¥dVvHD 81/9 AYVHI 20 L1V3IH “d443
000°09%1 *4-930 3IYNIVYIdW3L PVHDI
¢0-30006°¢ *NI-NJ/87 ¥VYHD ALISN3Q
20-30002°s *NI-N3/787 3LVYNIWVY ALISN3Q
90-30000°9 *¥-J33S-NIi/89 : ¥YVYHI ANOD
90-30000°¢ "d-J3S-N1/8 JLIVNIWVTY GNOD
20-30000°¢ ‘y-871/8 dVHI 1V3IH-dS
20-30000°¢ *¥-8971/8 31VNIWVT L1V3IH-dS
000s°1 *S3IHINI SSINMIIHIL

Y3AVW 9 IVINILIVW S IVIYILVA ¥ IVI¥IAVW € TIVIY3AVW 2 TVIYILVW T IWIY3LAVK
SNOIAV314133dS WIY3ILVKW

¥-°930 00°099% = 3JuN1IVi3IdW3l NOIiVIBY

"g3/018 %0 30009°Z = NOILVIEV 40 1V3H

“SIHIN]I €€€80°0 = INIWIUINI TVICQVY

*S3IHONI 0006°T = SS3INXNIIHL ¥3INIT WIO0IL

SS3HINI 00%9°G6 = ¥OIY3LiX3 Y3NIT 0L SNIAvy
*S3HONI 00%1°% = 3N1T-¥3AN3ID 3TZZON WOY3 SNIAVY
0Z = S3QON 40 d439WNN

(S)IVIY¥3LVW T JO g3ISO4WOD SI ¥3NIT

AVOdHL ST L1S3Y3IINI 40 NORLVILS

=== NOI1dI¥3S3Q ¥3INIT --—-—
NO11dO 3STNd 9 “ON W3IT180Y¥Yd 3TdWVS

WY3O0UYd NOILVI9Y TVNOISNIWIQ ANV ONIY¥VHI

sa2t NOILVHOdYOD TVHINIO-1310UIV #sas




000°0¢s
0z

000°0¢ts
01

*NI
N1
J3s

000°0¢s

6

000°0¢ts

6

1

*0

°0

2€1 9<ed

000°0¢€s 000°0¢€s 000°0¢€S 000°0¢€S 000°0¢€s 000°0€S 000°0€s 000°0¢€S
81 L1 91 Gl %1 €1 21 11
000°0¢€s 000°0¢s 000°0¢€s 000°0¢s 000°0¢€sS 000°0¢S 000°0¢€S 000°0€S
8 l 9 S Yy € 2 1
Fakgkxkdk 3T140Ud 3UYNLVIIIWIL xepexdxsrx
‘0 1 JA0ON ALl17186V1IS
*0 °0 *33S-N1-DS/Ni8 tAQVYlIIGUY ) XN13 LV3IH
*0- ‘0~ *J33S~-N1-0S/Nni8 (INOT1LIVIOVY) XN14 1V3H
°0- 00 30%199°*Y *23S-N1-0S/Nni8 (NOIL1DJ3ANDD) XNTI4 1V3H
‘0 000°001¢% *d *930 *dW31 INIIGWV/ABIAODIY
‘0 €0-300020°1 *¥~33S-N1-0S/Nn1i9 IN3IJI439302 NOI1D3ANQD
—— ¥0IY3IX3 —- —— YOIW3IIND —- ,
NO11ivigvy TYNOISN3WIQO Tvicl *SIHINI 00%1°% 1/3 01 1234348 HilIM Hid30 NOILVIGY
Hid30-dVHD vi01} SIHINI 00%T1°Y 179 01 123dS3Y HIIM Hid3IG-YVHD
001Y3d SIHL 3WIL Q3Sdv3 *23S

ea®seoecosse mZOJl-Dl wxﬂm KO QUWW °°.~

SRR REE ERE R mwzuh 001

°0 37I0AD ALING NI 3WI1 Q3SdVI3

——= ONINNI938 SI 1

@3SINd 38 1TIM 3INIONI sxaszssssd

ag01¥3d 3IWi4 °c=ceccce



000°0¢csS
0z

0L9°LES
o1

NI
N1
J3S

€€T sded.

000°0¢sS 000°0¢s 200°0¢s 800°0¢€S 620°0€S ¢0t1°0¢s cee*0¢es
61 81 11 91 St 41 el
89L°8%S 6L%°2LS $62°819 $96°002 Y6Y°LES 0€9°9201 818°18¢21
6 8 1 9 S by €
Skxxkxet 3 VI308d JYNLIVEIdWIL k2xstkker®
NolmwomNomso.m
°0 *0 *J3S-NI-DS/Ni9
11-30¢02¢°1- 10-31%%9¢°1— *J3S-NI-DS/Ni8
*0- °0 *33S-NI-DS/NL8
) *0 ‘3 *930
‘0 °0 *Y¥4-33S-NI1-0S/Nni8
- ¥d0I¥3iX3 -~ —— d0IY3IN)} --
‘0 NO11ivI8v TUNOCISN3IWIQ TViOlL *SIHINI 00H»1°y
1¢01°0 H143d-dVYH2 1viOl SIHINI 12%2°% /9
0 g0Id3d SIHLI 3Wll Q3Sdv3 *23S 00°s2
eeseecess SHMOTI0Y NVAS 40 °D3S 00°2 —== $S3¥90%d N1 6

€20°1€S  906°Z€S
Z1 "
000°09%T OST"6€S%
z 1

ao1d3d Mvos

1 3G0N All118V1S

(A¥VYL118¥V) XN13 LV3IH
(NOILVIGVY) XNT3 1V3IH
(NOI1J33ANOD) XNT4 LV3H

“dW3i INIIOWVZA¥3IA0I3Y
IN3IDI44302 NOI1I3ANOD

T1/3 01 173dS3¥ H1IM Hid3Q NOIivigy
04 123dS3Y¥ HIIM Hid3A-YVHD
3TJAD AING NI 3wWli: 03Sdv13

e®sosesncsce



JMH 9sed

e”1°0¢es 8¥1°0¢€s 022°0¢es €9%°0¢esS 820°1¢€S €22°2¢es 929°%¢S GEZ°6ES

(V74

61 81 L1 91 Sl %1 €1

¢91°L8S 169°929 c1éc189 828°6LL 16%°668 848°2901 89€°6921 000°09%1

o1

6 8 L 9 S k4 €
wxkxgkkeds JTI40Ud FVYNIVYIAWI L s xkkkkd Xk

10-315S9%218°¢

8
4

S
4

L9°L%G  26%°29¢
1 11
$2°869Z Z€1°€282

1

1 300N AL1771GVI1S

Y 0 *23S-N1I-DS/Nig (AYVYLIEYY) XNT4 L1V3H
L0-32%1es°2- c0-3.6688°1- *J3S-NI-DdS/nie (NOILVIAGVY) XN1T14d 1V3IH
"0- *0 *J33S-NI-DS/Nn18 (NCILI3ANDD) XNI3 LVIH
°0 Y *d *93d “dW31 IN3IGWV/A¥3A0I3Y
*0 °0 *d4-33S-NI-0S/N18 IN31313330D3 NOI1I3ANOD
-— dO0l¥3ix3 -- —=— dO0YY3IANY -—
*Nl %000°0 NOI1viI8V TVNOISN3WIQ 1VviOl *S3HINI Y0%1°Y /7 01 133dS3Y¥ HiIIM Hid3G NOl1ivIgv
NI ¢9%1°0 Hid3Q-4VHI 1viOolL S3IHIONI Z982°% ) 01 133dS3¥ HIIM H1d30-YVHD
J3as 00°1 aQ0I¥3d SIH1I 3WILl d3Sdv13 *23s 00°0s 3I2AD ALING NI 3WI11l G3Sdv13

¢eeecccc® SMOTIOT AVOS 40 °I3S 00°1 -— SS3¥Y90¥d N1 L1 Q01¥3d HVOS °°*°°°=°°°




€T oded

€€6°TES  900°2eS  ZSS°ZES  %BO°¥ES  YEO'LES  691°2%S  215°0SS  9Z6°€9S  6BE°Y8S  L01°%19
0¢ 61 81 L 91 St 1 €1 2t T

éZ1°8s9 091°81L 862°86L é92° 106 6%8°8201 Z%#0°181T 000°9s€l1 000°09%1 4%9°580¢ owm-#odN
ol 6 8 e 9 S A4 € 4 1

2xexkenkxs 3V11408d JUYNILVUIAWI L =sxsxrk i

10-3s¢t%8108°2 1 300N AlIT18VLS
*0 *0 *J33S-NI-DS/Ni8 (A¥vyirgdv) XN1d4 1v3H
S0-3.88%Yy° ¢t~ €0-382€15°9- *J3S-NI-0S/N18 (NOI1VIOVY) XATd LV3IH
‘ *0- 00 3I8€EH66°¢ v *J3S-N1-DS/Nn18 (NCILI3ANDD) XN1d 1V3H
°0 000°001s ‘Y *930 *dW31 IN31E9WV/A¥3A0I3M
Y €0-300020°1 “¥-J3S-NI-DS/Ni8 IN31D144300 NOIL1I3ANOD
-— ¥0l¥3iIX3 — —= YOIY¥3iNI --
*N1 1100°0 NOI1Vvig8V TVNOISN3IWIQ V101 *S3HINI T11H1°Y /3 01 133dS3¥ HIIM Hid3Q NOIlvgv
Nl 9Z81°0 Hid30-¥VH3 vi01l S3IHINI 922¢°y I 01 133dS3Y¥ HIIM HLd3IA=UVHI

J3S ‘0 00I¥3d SIHL 3WIL Q3Sdv 13 *33S 00°sL 37I3AD ALNCG NI 3WIL (03SdV3

ceeeceses SMOT03 FWI4 40 °I23S 00°1 --— SS3¥90¥d N1 92 @0l1Y¥3d 3¥14 *°*°*°°*°°°°




9¢T 9ded

€06°L¢tS £02°8¢S v8L°6¢€S Ye9°eys G9€°08S 916 *09% 0LS*9LS GG6°866 %00°0¢€9 €88°1L9
0¢ 61 81 L1 91 sl %1 €1 a1 11

¥18°92L LiecLel 86%°688 602°%66 %€0°L211 625°9821 000°09%1 02S°10%Z 929°%8LE 000°099%
01 6 8 L 9 S Yy € 4 1

Fkprarxdkx 3 11408d JVNLIVEIAWIL xkxxrxisl

10-3%%680856°¢ 4 300N ALlIT1GVLS
°0 *0 *J3S-NI-0S/NiQ (A¥VY1I9¥VY) XNT1J 1V3IH
S0-369¢eH 1~ 10-399%0%° 1~ °J3S-N1-0S/Ni8 (NCILVIGVY) XN1d LV3H
0~ *0 *J23S-NI-DS/Nig (NOJF1I3ANOD) XNI3 LV3IH
°0 °0 : °d °930 *dW3Ll IN3ISWV/AY¥3IA033IY
*0 °0 *d-J33S-NI-0S/N19 IN312143302 NOI1D3ANOD
-— ¥0IY¥3ix3 -- -= YOIY3AIN] --
°NI 0¢00°0 NO1LVIGY TWNOISN3WIQ V104 *S3HONE 0Z%1°Y /I 04 123dS3¥ HIIM HId30 NOlLivIgYy
*N1 s%12°0 H1d30-¥VHI V101 SIHINI S%seE°y 2 01 1J23dS3¥ HIIM Hid3IA-YVHI

J3S *0 001¥3d SIHL 3WIl §3Sdvi3 *J23S 00°001 3733AD0 AING NI 3WIL Q3SdVvI3

cecscesces®s SMOTI04 NVOS 4O °I3S 00°¢ -== SS3¥o0u¥d NI %t Gol1¥3d MVOS °°*°°*°°°°




9%0°6%S  161°6%S
¥4 61
8BS°16L  848°698
o1 6
*NI 1€00°0
°*N1 L8€2°0
23S 00°1

198°25S
81

L80°H96
8

°0
§0-362695° ¢~
.°I

*0

°0

LET 98ed

80%°6SS LS1°0LS 120°98¢ 861°809 €ET°BEY
L1 91 st %1 €1
806°%101 6%6°1021 %»0L°eH€l 000°09%1 802°20%2
L 9 S b €

Y0IY3ix3 --

NOIL1VI8Y TVYNOISN3WIQ

Fxxxkkg2sx 3T1300d JUYNIVEIAWI L sexkdkP ik

10-3S1LE602% °2

°0 *J33S-NI-DS/Nn14d
20-365580°¢— *J3S-N1I-0S/Nni9
*0 *33S-N1-0S/n18

‘0 *d *93a

Y *Y4-J3S~-NI-0S/nis

~= YOIUY3INl --

a0l *SIHINI 1e%1°Y
H1d30-d¥VH) V101 S3HINI 18L¢°Y /2
G0ld3d SIHL 3Wli Q3SdvV13 ®23S 00°s21t
SMOT104 Mv0oS 40 °23S 00°1 ~== $S3¥90Y¥d N1 ¢Z%

91%°119 Z20°82L
21 11
121°802€ 008°061€
z 1

aoI¥3d »vOoS

1 300N ALINIGVLS

(A¥VYLI8YV) XNT4 LIV3IH
(NOI1VIAVY¥) XNI4 LV3H

(NO1LJ3ANO3) XN13 1V3H

“dW3L INIIEGRV/AY¥3A0IIY
INIIIJF4430D NOILD3ANOD

/2 01 123dS3¥ HLIIM Hid30 NOIiVIGY
01 123dS3¥ HIIM H1d30-¥VHD
3TIAD ALNA NI 3IWIL Q3Sdv3



829°%9¢

0z

%16°898

o1

*NI ¢%00°0
°Nl 2t9¢°0

33S

Y4%0°99¢

6

¢s2°6c6

6

1

°0

688°0LS 2€2°086 16L°%66 »1e°S19 £€96°2%9 8L8°8L9 90¢e°%212 €849°08L
81 L1 91 st %1 €1 21 1t
OLT1"€CO0T €SC°0€1T1 826°6%21 8L0°18€1 000°09%1 895s°6122 606°9892 ¢~o.~mc~
8 i 9 S L4 € Z 1
wxgxaekeax JFII0US IJUNIVUIAINIL 23 edrd kX%
10-3011966%¢°2 1 3Q0ON AL1718V1S
‘0 ‘0 *J3ISNI-DS/Ni8 (A¥Vd1IgdV) XNT4 1IV3H
G0-3181LL°9- ¢0-36%0%6°1- *J33S-N1-D0S/N18 (NOILIVIGVY) XNId LV3IH
*0- 00 32L99%°¢ *33S~-NI-DS/Nn18 {NOI123ANOD} XNI4 LV3H
¢] 000°001¢s *Y *93a0 “dW31 IN3IGWV/AY3A0IIY
°0 €0-300020°1 *d-33S-N1-0S/Nni8 IN3IIDJ1334303 NCIL1I3ANOD -
-— ¥0IY3iX3 -- —-— YOIY3INI --
NOIiIVIBY TVYNOISN3WIQ 1ViOi *S3IHINI 29%%1°Y /9 01 123dS3¥ HIIM HLd3Q NOILVISBY
Hid30-¥VvHI 1VviOL SIHINE 2¢0%°*¢ RV 04 123dS3¥ HIIM HL1d3IA-Y¥VHI
Q0Id3d SIHL 3IWIL1 Q3Sdvi3 *J33S 00°0s1 3IJAD ALING NI 3WILl Q3Sdvi3
eececcccs SMOIT04 3¥WI3 40 °D23S 00°1 - SS3U9%0¥d NI 16 G014¥3d 3IYId °*°c**°=°°

geT adeg




6£L odeg

S0t °eBS 109°686 c0s°ce6s %£S°%09 »se°2eo S2L°9%9 96%"8L9 ° 196°81L 608°219¢ 9650°L¢8
0¢ 61 81 L1 91 sl »1 1 | 21 11

€L6°968 $10°8L6 6%€°020T 8IB°€LIT 616°1821T SBLL°TIHT 000°09%1 €61°92%2 861°0S8¢ oQo.ooo¢
o1 6 8 L 9 -] Y € 2 1

sasekxkssd 371408d JYNLVYIAWIL 2k xsxdknd

10-36800%02L°¢ 4 300N All118VAS
°0 *0 *J23SNI-0S/Nig (A¥VYLIgY¥V) XN13 1V3H
%0-301860° 1~ 10-396%0%° 1~ *J33S-NI-0S/n19 - (NOTAVIQVY) XNT4 LIV3IH
. *0- °0 *33S-N1-0S/Nn18 (NOI1J3ANOD) XNT4 LV3H
°0 °0 ¥ *93a *dW31 INIIBWV/AYIA0CIIY
°0 “0 *¥-33S—NI-DS/Nn18 IN313144302 NOILI3ANOD
-— ¥0l1d3ixX3 -- == YOIY3IINI —
*NI %$00°0 NOI4ivi8V TVNOISN3INRIQ TViO0lL *SIHIONI H6H1°y /3 01 123dS3¥ HIIM H143Q NOIlviIgv
°NI Li182°0 H1d30-3VHI TVviOoi S3IHINTI LL29%°% B Y] 01 123dS3¥ HLIM HEIJIA-YVHI
J3s Y Go1Y¥3d SIHL 3Wll G3Sdv3 *33S 00°sit 3T3AD2 AING NI 3WIL Q3SdV13

ceeeeeec® SMOT04 MVOS 40 °23S 00°2 —== S§S3¥90¥d N1 66 aoI¥3d ¥vos °°*ccc°°°




ONT @84

655°€09 606 °909 ¢s0°919 819°0¢9 8ECZ° 199 L8S°8L9 Z2Le*E1L - 9Ze*9sL 202°808 %¥81°698
0¢ 61 81 L1 91 st %1 €1 A 11

888°1%6 91€°620T €89°02T1 990°822T 686°9%ET1 000°09%1 G9G° €612 6G5°69%62 91L°21%e 28BL°2L¢€
o1 6 8 L 9 S k4 € 4 1

x3xakskirx 3T140Ud JUNLIVUIAWI L e sxtdRn

10-301€89086°1 1 JAON ALITI8VLS
0 - *0 *J33S-NI-DS/Nniv (A¥VY118YV) XNI14 LVv3IH
%0-399209° 1~ ¢0—-3%9¢298°¢e— *J23S-NI-0S/Nni9 (NOILVIGVY) XNT3 LV3IH
*0- °0 *J33S-NI-0S/Nnig (NOI1J3ANOD} XNT34 AV3IH
*0 ‘0 ‘¥ *930 *dW31l IN3ITEWV/AY¥IA0I3IY
°0 °0 4¥4-J3S-NI-DS/nie IN3IIJ3144302 NOI1D3ANOD
-— ¥0l¥3ix3 -- —= YOlY3INI -- |
°NI 1900°0 NO1iVvi8V TYNOISN3WIG 1ViOlL *S3HONT L9%1°% /3 01 123dS3¥ HIIM H1d30 NOliviav
*N1 660€°0 Hi1d3Q-d¥VYH) V10l SIHIN] ssv%¥*y RV 01 1J73dS3Y H1IM HLI43IA-YVHI

33S 00°1 GOIY¥Y3d SIHLI 3WIL Q3Sdv3 *J33S 00°00¢2 370AD ALNG NI 3WIL1 03SdV13

ceeeect®® SMOTI03 MNVOS J0 °I3S 00°1 -—= SS3Y90ud NI L9 aor¥3d »vos ®cc°°*°c°°




T @384

1€1°%29 699°8¢9 602°0%9 LYC° LS9 61%°089 6LE°01L 68L°LYL 11€e°e6L 1L6°L%8 STI°116
14 61 81 L1 91 sl %1 €l 21 11

SHe*v86 9E¥°L90T 09Z°0911 9T€°2921 2T2°2LE€1 000°09%1 960°1%12 118°Z0LZ 09€°0L62 298°2162
o1 6 8 I3 9 S Y 13 Z 1

wkxtepksksx 3 11308d FUYNIVYIIWIL sxsksiker®

10-310%18988°1 1 300N A11T18ViS
°0 0 *23S-NI-D0S/N18 (AdVYLISHY) XN14 LV3H
%0-36L691°¢- c0-3LeeHv1°e- *J3S-N1-0S/Nn1i9 (NO11VIGVY) XN13 1V3IH
*0- 00 3880¢€2°¢ *J3S-NI-DS/Ni8 (NOIL1J3ANOD) XNT4 LV3IH
*0 000°001s ‘% °93d *diW31 IN3IISWV/AY3A0IIY
*0 €0-300020°1 *¥-33S-NI-DS/N18 1N3121434300 NOIL1I3ANOD
~- ¥0l¥3ix3 -- == YOIYIINI -—-
*NI 0800°0 NOI1vi8v TVNOISN3IWIQ TviOl *S3HINI 08¥%1°% /9 01 133dS3¥ HLIIM H1d3a NOILviev
*Nl 9¢Ze°0 H1d3Q-d¥VHI) V1Ol S3HINI 9¢€9%°*Y ) 01 1334S3¥ H1IIM H1d3Q0-dVHI
J38 *0 d0l43d SIHL 3WIl G3Sdv3 *33S o00°s22 3TJAD ALING NI 3WIi Q3Sdv13

ceeseccs® SMOTTOS 3WI4 JO °I3S 0O0°1 -— SS3U90¥d NI 91 g01¥3d 3Y¥ld4 °**°°°°*°*




2Nt eded

CEEH Y9 %$1°069 Y€2*%99 T16L°€89 %€ 60L

0¢

61 81 L1 91

8EY°0Z01 <CEL°T10T1T1 9141611 866°8821 €9L°t6El

01

6 8 L 9

888°1%L 180°18L 6%£°828 608°¢€88 SBL°LY6

sl

»1 €1 A 11

000°09%1 %9€°601Z 06%°5882 606°0L0% 000°099%

S

Y € [4 1

Rpxkggdsd 311308d JYNIVIIAWIL *dkkgrksis

0 °0
#0-360%8L°C~ 10-395%0%° 1~
*0- 0
0 ‘0
‘0 °0
-- ¥0I¥31X3 -- —-— YOIY3INI --

*NI 6600°0 NOTIVIEV TVNOISNIWIG Wigk
*NI 61%€°0 H1id3Q-YV¥HI 1violL
pEN *0 00Iy¥3d SIH1 3WIL 43Sdv3

*S3IHINI
S3IHIONI
*J33s

eeccccses SMOTTIOZ NVOS 40 °*°D3S 00°2

10-362L9L202%°€ 4 3JA0ON ALITIBVLS
*J3S-NI-0S/N18 (AYVYLIBYV) XNT4 L1V3IH
*23S-NI-DS/NLY (NOILiVIQVY) XN4 LV3H
*J3S-N1-DS/N18 (NOILD3ANOD) XNT4 LV3H
¥ °93G *dW31 IN3IIBWV/AY3IADI3Y

*4-J33S-NI-DS/Ni8 IN3IJ144300 NOI1ID3ANOD

s6H1°Yy /3 01 123dS3Y¥ HLIIM H1d430 NOILVIGY
618%*Yy /9 01 123dS3¥ HL1IM H1d30-¥VHI

00°062 3TIA3 ALING NI 3WI1l Q3Sdv13

p—— mexoomﬁ z~ O\Q ooﬂzwa ¥<OW eeoeoosecece



ENT 9ded

%08°0L9 ¥8%°L89 109°60L 861°LEL S0E°*1LL 1€€°218 - 8%9°098 69G6°916 L82°086

%1 €l (4} 1t

ZLI°1€1T  196°L121 %08°TTET 980°214T 000°09%1 819°6022 O081°L962 22Z°SSYE L66°O%EE
9 4

Y € 1

sxxpaixxrks 3V1308d JYNLIVIIAW3L RERERDERBAR

6£9° €99
0z 61 81 L 91 St
958° 1501
o1 6 8 L s
*0 0
%0-369L2%° €~ 20-31€60L"€-
°0- *0
0 0
*0 0
-- ¥OI¥3LIX3 ——  —- WOIWIANI —-
*NI 1010°0 NOILV18V TWNOISNIWIG V10L °S3IHONI
*NI 009€°0 H1d30-¥VHD V101 SIHONI
335 00°1 00JY¥3d SIHL 3WIL G3Sdv13 *33s

eesecccces SMOTINIOI MNVOS IO *33S 00°1

10-369806595°1 1 300N A1} TI8ViS
*J3S-N1-DS/N1i8 tANVNLIGEY) XNT14 LV3H
*J23S-NI-DS/Ni8 INCILIVIQVY) XNTd LV3H
*J3S-N1-0S/nig {NOI1J3ANOD} XN4 1V3H
¥ °930 *dW31 IN3IBWV/AY3IAOI3Y

*Y¥4-J33S-N1-0S/Nnis AN3IIDJI44303 NOI1J3ANDD

L0S1°Y /3 01 123dS3d HLIIM Hid3a NOILVISY
000G°% I 01 123dS3¥ HIIM H1d3G-Y¥VHI

00°si2 3I3A2 ALINA NI 3WE1l Q3Sd4v13

- SSIU90Ud N1 26 aol¥3d MVQS °°°=°c"cce°




T aded

209°189 821°069 86€£°60L 909°ecel 9Ce°e9L 5%0°66L %¥52°14%8 - 9t2°068 LG2°9%6 29%°6001
4 61 81 L 91 sl »1 €l 21 11

o¢o.oboﬁoho.wmd~o¢¢.m¢m~bmaom¢m~ooo.oo¢~owvomoo~ONN.mhewcauowoowmwm.m~on mqnomoow
01 6 8 L 9 S Y € 4 1

sxgakxxxed 3 T1408d IUNIVEIAWI L Sxxexxexe %

10-389€8699%° 1 1 3G0ON AL1718V1S
°0 0 *JI3S—NI-DdS/nis (AYV YL IGUV) XNT3 LV3IH
%0-3616L0°Y~ 20-3€890%° 2~ *J23S-NI-0S/N19 (NOILVIGVY) XNTd 1V3H
*0- °0 °J23S-NI1-0S/N18 (NOILD3ANOI) XNT4 LV3H
‘0 °0 ¥ °93a *dW31l IN3IISWV/AY3IA0I3IY
°0 °0 *¥-33S-NI-0S/ni8 IN313144300 NOILI3IANDD
~-— d0ld3ix3 — -— dO0IY3IN] --
*NI 0¢10°0 NGILvI8v TUNOISN3IWIQ 1ViolL *S3IHINI 02s1°*% /3 01 133dS3¥ HLIIM H143Q NOI11lvI8GY
NI L9L€°0 Hi1d430-¥VHI viOol S3IHINI 1916°Y R 01 133dS3% H1IM H1d430-¥VHD
23S 00°¢ G0l1¥3d SIHL 3WIl G3Sdv13 *J3S 00°00¢ 370A3 ALNG NI 3IWIL Q3SdVI3

secececces  Q3ON3 SYH 001 QOI¥3d HVOS **°°°°°°°°




Nt omwm

c09°189 821°069 86£°60L 909°teL 92¢c*e9L 690°66L $62°1%8 9¢cZ 068 162°9%6 29%°6001
0¢ 61 81 i1 91 sl »1 €1 21 11

6%6°6L01 6L0°8STT 9%%°G4Z1 L126°SHE1 000°09%T 916°6961 0LZ°S %2 911°206Z SBE°ELOE S18°8662
o1 6 ) L 9 s Y 3 Z 1

xxseppkisx I V1408d FUNIVIIAWIL 222kt xtes

10-389€8599%°1 1 JAON AlITlEV1S
*0 °0 *J23S-NI-0S/Nn19 tAdvYiIgdvY) XNT34 LV3H
%0-3616L0°%- c0-3€890% 2~ ®J3S-N1-0S/Nni8 (NOI1VIQVY)} XNT4 LV3H
0~ *0 *33S-NI-dS/Nn1e {NCI1D3ANOJ) XNId L1V3IH
‘0 Y *¥ °930 *dW31 INIIBWV/AUIA0IIY
*0 MY *Y¥-33S-NI-DS/n19 AN313144300 NOILI3ANOD
-— d01¥3iX3 -—- == YOIY¥3IAIN] --
*NI 0Z210°0 NOT1VI8V TWNOISN3IWIO V101 *SIHINI 02S1°% T/3 01 133dS3Y HLIIM Hid430 NOILVIGY
NI L9L€°0 H1d30-3VH3 TVi0L S3HINI L1915y R Vo] 01 123dS3¥ HIIM H1d30-Y¥VHD
J33s ‘0 001¥3d SIHL 3WI1l 03Sdv13 *33S 00°00¢ 3T3A) ALING N1 3IWIL GQ3SdVI3

ceeeecec® SMOT04 NVOS J0 *I3S 00°0001 —— ONINNIO3G ST 101 QOJu3d %VOS *°°*c°°°-




9Nt 8ded

91s6°¢dstL 9L6°L9L se0°86L 216°8ée 6.0°098 S62°168 902°226 - 8%L°S6 191°186 %00°8001

0z

61 81 L1 91 sl %1 €1 21 11

061°2¢01 600°€S01 2L.°6901 948° 1801 98€°8801 1€8°8801 186°21801 908°5801 682°Z801 095°0801

o1

6 8 L 9 S K4 € Z 1

*ug3tksek JT140Ud 3UNLIVUIAWNI L Hxxpprkpn

10-38659%£€5°1 1 300N AL1718ViS
Y Y *J33S-NI-0S/Nnis tAdvVd1183YV) XNI14 LV3IH
%0-3L2202°L~ %0-3629¢8°¢ -~ *33S-NI-DS/N18 (NOI1VIQVd} XNT4d LIV3H
°0- °0 °33S-NI-0S/N18 (NOILD3ANGID) XNT3 LV3H
Y °0 *Yy °93d “dW31 INII8WV/A¥3IA0IIY
°0 ‘0 *¥-23S-NI-0S/Nn18 IN31D2144303 NOIL1I3ANOD
-— d30l¥31%X3 -- -~ YOIY3INI --
°NI 0210°0 NOIivi8Y TVNOISN3IWIQ Wi0L °*S3IHINI 02S81°% /3 01 123d4S3¥ HIIM HI43Q NOIivigv
°NI s08€°0 Hi1d30-4VH3 viOl S3HINI s026°% 2 01 123dS3¥ HIIM H1d3IJ-YVH)
33S st1°t161 Qold¥3d SIH1I 3Wl1 Q3Sdv13 *33S st 16y 3TI0AD ALING NI 3WIt @3Sdv13
seeccccce SMOTIOS MVOS 30 °I3S S8°808 -—-— SS3JUI0¥d NI 10T Q0I¥3d MvOS cececccee

23x3x INTVA NVId V GIHIV3IY SVH 3dNLI¥IdWIL dOIYILXT 24ess




LT @8eq

916°¢5L 9LS°L9L se0°86L 2l6°8es 6L0°098 s62°168 902°226 8%E°2656 19t1°186 »00°8001

0

61 81 L1 91 sl %1 €l 21 11

061°¢e0l 600°€G01 2L1°6901 9%8°1801 98€°8801 1€8°8801 186°L801 908°G801 G82°2801 095°0801

o1

6 8 L 9 S Y € 4 1

xxxskaasss 311408d 3UNLVYEIAWIL ssxssesens

10-38659%¢€S 1 1 3GON AllT19V1S
°0 °0 *J3S-NI-DS/n1ig (AdvyllI8¥V) XN14 IV3IH
$0-322202°L- $0-36¢2928°¢—~ *J23S-N1-0S/Nn18 (NOILlVIaVvY) XNI4 LV3IH
0~ °0 *J3S-N1I-0S/Nnis {NOILX3J33ANOD) XNT4 1V3H
°0 *0 *d¥ *93a “dW31 IN3II9WV/AY¥Y3IADIIY
°0 Y *¥-33S~-N1-D0S/n1e INIIJI144302 NOI1I3IANOD
-— d01¥31iX3 -- —— YOIY3AINI --
°NI 0210°0 NO11iVviE8v TYNOISN3IWIGQ 1IviOlL *S3IHINI 02s1°% 1/2 01 123dS3¥ HIIM H1d30 NOILVISV
Nl s08¢€°0 H1d30-3VH) V101 S3IHIND <02%°% /2 01 123d4S3¥ HiIM HE43A-YVHD

33S 00°0001 a0l1¥3d SIHL 3WIL Q3Sdv3 *J3S 00°00€T 33JA3 ALNG NI 3IWIE (G3Sd4VI3

eeeescesee G30aN3 SVYH T0T QOJ¥3d MvOS °°°*°°°*°°°



91s°2sL
0c

G6¢°¢e01
o1

9L6°L9L
61

CET* eS0T
6

Nt 8ded

“W3ILSAS 01 ONINBN13Y
*3dV1l INdN] W3ILSAS NO ONIOV3IY¥ 3T713-40-0N3I

9€¢0°86L 816°8¢8 160°098 L1E"168 1%2°¢2¢26 66¢€°256 622°186 160°8001
81 L1 91 st 51 €1 21 18

11676901 866°1801 9%5°8801 €66°8801 €E%T1°8801 L96°SBO0T1 G9%°2801 811°00801
8 L 9 S K4 € Z 1

=——== 37140¥d 3IYNLVEIdWIL ——-—-

37343 ALNG OANI SONO3J3S 00°16% 1V G3dNII0 3UNLI¥3dWIL BOTUILIXI WNWIXVW

s%ss 03ONI SVH 310A3 ALNG #exs




